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1 1< THERAPY WITH ANTIBODY AGAINST LEU- 
KOCYTE INTEGRIN VLA-4 IS EFFECTIVE 
AND SAFE IN VIRUS FACILITATED EAE 

Merja Soilu-Hanmnen, Malias Royttii, Aimo Salmi and Reijo 
Salonen. Departments of Virology and Pathology, University of 
Turku Kiinamyllynkatu 13, 20520 Turku, Finland. 
Fax +358-21-2513303 

Experimental allergic encephalomyelitis (EAE) is facilitated in 
resistant BALB/c mice by intraperitoneal infection with an 
avirulent Semliki Forest virus (SFV-A7). Virus infection 
increases incidence of EAE from 15-30% to 60-90% and speeds 
up appearance of paralysis from 24 to 14 days. In this paper, we 
describe treatment of virus facilitated EAE with monoclonal 
antibodies (mAbs) against leukocyte and/or endothelial cell 
adhesion molecules. Therapy with mAb against ICAM-1 
(imercellular adhesion molecule- 1) had a modest effect, but 
caused hemorrhagic brain and spinal cord lesions. Therapy wiih 
mAb against iMac-l (macrophage adhesion promoting receptor) 
was well tolerated but ineffective. Therapy with mAb agamst 
VLA-4 (very late antigen-4) was safe, dimished both clinical and 
histopathological signs of EAE, decreased induction of VCAM- 
1 (vascular cell adhesion molecule- 1) on brain vessels and 
dimished infiltration of VLA-4+ leukocytes into the brain. The 
amount of viral antigen was not altered. We conclude that 
facilitation of leukocyte entry into the brain is a major 
mechanism for viral facilitation of EAE in the BALB/c mouse, 
and that facilitation can inhibited by anti-adhesion therapy. This 
may have implications for treatment of relapses triggered by 
virus infections in multiple sclerosis. 



138 LINOMIDE SUPPRESSES EAMG AND DOWN- 
REGULATES ACHR-INDUCED THl AND TH2 
CYTOKINES 

L-Y.Yu, F-D.Shi. G-X.Zhang, and H.Link. Division of 
Neurology, Huddinge Hospital. S-141 86 Huddinge. 
Sweden. Fax +46-8-7744822 

Suppressive effect of the synthetic i mm uno modulator)' drug 
Linomide (LS-2616) has been shown in some autoimmune 
diseases, including experimental autoimmune myasthenia 
gravis (EAMG), a model for human myasthenia gravis (MG). 
To define the mechanism underlying the suppression of 
EAMG, we injected linomide s.c at different doses to Lewis 
rats immunized by Torpedo AChR + FCA, and investigated 
AChR-specific T and B cell responses and the levels of 
AChR-induced cytokine mRNA expressing cells. Both 16 and 
160, but not 1.6. mg/kg/day oflinomide efTectively suppress 
clinical muscle weakness, accompanied by decreased serum 
anti-AChR antibody levels, numbers of AChR-specific IgG 
antibody secreting ceils, AChR-reactive IFN-y secreting cells 
and lymphocyte proliferation to AChR. Further, linomide 
suppress not only Thl cytokines IFN-y and TNF-a, but also 
Th2 cytokines lL-4 and IL-IO, while detecting their mRNA 
expressing cells by in situ hybridization. We conclude that, 
besides its affecting on NK cells, linomide suppresses EAMG 
also by downregulating Thl and Th2 cytokines, which are 
important for the production of anti-AChR antibodies. 
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A NOVEL METHOD TO ESTABLISH CHRONIC 
RELAPSING EXPERIMENTAL 
AUTOIMMUNE ENCEPHALOMYELITIS IN 
SJL MICE 

J. Yang*, V. Hukkanen and R. Seljelid. 
♦Department of Experimental Pathology, Institute of 
Medical Biology, University of Tromso, Tromse, 
Norway and Department of Virology, University of 
Turku, Turku, Finland 
Fax +47-776-45400 

Six to 8 weeks old female SJL/J mice were given a 
priming injection of neuroantigen and mycobacterial 
components in saline solution, followed by a standard EAE • 
induction injection using neuroantigen and Freund's complete 
adjuvant two months later. In contrast to acute EAE, an early 
onset of the disease with slow recovery ensued. The majority 
of mice survived the first attack of EAE and the disease became 
chronic thereafter, with relapsing-remitting episodes. The 
various stages of the disease were found to be dependent on the 
doses of neuroantigen and anatomical sites of injection. 
Histology examination shows perivascular mononuclear 
infilu^iion and demyelination in the brain.The clinical course, 
as well as the histology resembles human multiple sclerosis. 



WORKSHOP 8. (ABSTRACTS 139-163) 
CLINICAL AND THERAPEUTIC 
IMMUNOLOGY 

139 AUTOIMMUNE T AND B CELLS ARE 
AUGMENTED IN NEWBORN AND PREGNANT 
RATS 

G-X.Zhang, B-G.Xiao, C-G.Ma. J. Link. T.Olsson and 
H.Link. Division of Neurology, Huddinge Hospital. 
S-141 86 Huddinge, Sweden. FAX +46-8-7744822. 

Immunological changes in both mother and fetus during 
normal pregnancy are different from those in normal adult 
in several aspects. These changes may be related to the 
conceptus protection during pregnancy and the form of 
immune pattern of fetus in the future. To examine the 
occurrence of autoimmunity in neonates and during 
pregnancy, cell suspensions from spleen and thymus of 
newborn rats and peripheral blood from pregnant rats were 
examined for T and B cell responses to acetylcholine 
receptor (AChR) and myelin basic protein (MBP) which are 
important autoantigens in myasthenia gravis and multiple 
sclerosis, respectively. Compared to spleens from adult rats, 
neonate spleens contained higher numbers of AChR- and 
MBP-reactive interferon-y secreting T cells and anti-AChR 
and anti-MBP antibody secreting cells. In thymus, no 
differences were found between neonate and adult rats. 
Pregnant rats had also elevated numbers of AChR- and 
MBP-specific T and B cells in blood. Both the neonate stale 
and pregnancy are associated with physiologically 
augmented T and B cell autoreactivities with specificities 
obser\'ed in diseases with autoimmune background. 
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ORIGINAL CONTRIBUTION 



Herpes Simplex Virus in Postmortem Multiple 
Sclerosis Brain Tissue 

Virginia J. Sanders, PhD; Aimee E. Waddcll; Stephen L FeUsan; Ximing Li, MD; 
Andrew J. Conrad, PhD; Wallace W. Tourtellotte, MD, PhD 



Background: Herpes simplex virus (HSV) is a com- 
mon neurotropic virus thai is capable of long latencies. 
It can cause focal demyelination in animals. 

Objective: To test for the presence of HSV-1 and -2 in 
postmortem brain samples from patients with multiple 
sclerosis (MS) and controls using polymerase chain re- 
action and Southern blot hybridization. 

Methods: Dissected plaque tissue classified as active or 
inactive and unaffected white matter (WM) and gray mat- 
ter (GM) from 37 cases of MS were screened for HSV us- 
ing polymerase chain reaction and Southern blot hybrid- 
ization. While matter and GM from 22 cases of Alzheimer's 
disease, 17 cases of Parkinson's disease, and 22 cases with- 
out neurologic disease served as controls. 

Results: Forty-six percent ( 1 7/37) of the MS cases and 28% 



(17/61) of the control cases had samples that were posi- 
tive for HSV (P=.ll). Forty-one percent (9/22) of active 
plaques and 20% (6/30) of inactive plaques were positive 
for HSV. Twenty-four percent (9/37) and 14% (5/37) of MS 
cases and 23% (H/61) and 13% (8/61) of non-MS cases 
had HSV in WM and GM, respectively. No significant dif- 
ferences were found among all subgroups (P=.10). 

Conclusions: Herpes simplex virus was present in more 
MS cases than control cases and in more active plaques 
than inactive plaques. The presence of HSV in WM and 
GM in cases of MS as well as in control cases makes an 
etiologic association to the MS disease process uncer- 
tain, but cellular localization of HSV and its relation- 
ship to ohgodendrocytes and latency may reveal such an 
association in future studies. 

(Arch hieurol. 1996;53:125-133) 
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MULTIPLE sclerosis (MS) 
is characterized by mul- 
tifocal lesions of demy- 
elination and inflam- 
mation.^ Its cause 
remains unknown. The theory addressed in 
this report proposes that a virus persistent 
in the central nervous system (CNS) is 
responsible for MS; a candidate could be 
herpes simplex virus 1 and 2 (hereafter 
referred to simply as HSV). 

Herpes simplex virus is a common 
human pathogen; 70% to 80% of the popu- 
lation have antibodies to HSV.^ The hall- 
mark characteristic of the herpesviruses is 
their capability for latency. The virus re- 
mains latent in the neurons of the trigemi- 
nal or sacral ganglia until reactivation, which 
results in centrifugal spread to the site of in- 
fection and possible spread into the CNS.' 
Polymerase chain reaction (PGR) detected 
HSV in the trigeminal ganglia in 72% of a 
postmortem population; all of the sampled 
population older than 60 years were in- 
fected."* The virus has also been detected in 
35% of nonneurologically diseased brains.^ 



Herpes simplex virus can induce mul- 
tifocal demyelination in experimental ani- 
mals. Inoculation with HSV-1 results in pri- 
mary demyelination and inflammatory 
infiltrates.*-' Both active and inactive plaques 
are present in mice for prolonged periods; 
viral antigen and viral DNA are not pres- 
ent after 21 days, although active plaques 
can still be seen as long as 8 weeks after in- 
oculation.^ Having crossed the blood- 
brain barrier, the virus can spread easily 
through the CNS.'-'*-^*''* 

Patients with MS have immune ab- 
normalities suggestive of herpes infec- 
tion. The elevated intrathecal IgG synthe- 
sis rate and the presence of unique CSF 
IgG oligoclonal bands in patients with MS 
are similar to those in patients who have 
recovered from herpes simplex encepha- 
litis, who may also demonstrate viral an- 



Sec Materials and Methods 
on next page 
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MATERIALS AND METHODS 



BRAIN SAMPLES 

One hundred tweniy-six postmorlem brain samples from 
37 patienis with MS were examined. Disease durauon ranged 
from 4 to 47 years. A total of 204 postmortem samples ob- 
tained from 22 subjects with Alzheimer's disease, 17 sub- 
jects \vith Parkinson's disease, and 22 subjects \^ithout neu- 
rologic disease were used as controls (Table 1 andTablea). 

TISSUE PREPARATION 

All postmoriem brains were received on ice and immedi- 
ately cut into 5-mm-thick coronal sections; a clean knife 
was used for each slice. Any blood remaining on the coro- 
nal section was wiped off. Sections were sealed m plastic 
bags and Hash frozen between aluminum plates m liquid 
nitrogen. All specimens were stored at - 70°C.'^ 

Brain areas were dissected with separate disposable mi- 
crotome blades. White matter tissue blocks did not coniairi 
any GM and vice versa. Blocks that contained plaques did 
have by necessity, some periplaque \VM. Any gross-appeanng 
GM was trimmed away. To prevent any possible contami- 
nation of blocked tissue from previously amplified PGR prod- 
ucts and other foreign substances, approximately 100 \x.m 
of each block was cryosectioned and discarded before sec- 
tions were cut for PGR. A separate disposable microtome blade 
was used for each section. The subsequent sections were used 
for routine staining (hematoxylin- eosin and oil red O) and 
for immunocytochemical staining for the major histocom- 
patibility complex class U immunologic marker HLA-DR. 
Each tissue sample was characterized histologically by a four- 
scale classification as follows': 

Type 1. Earliest lesion in which activated microgha 
are responding to initial events of the disease process. There 
is no evidence of myelin breakdown. Some of these re- 
gions appear similar to microglial nodules. 

Type 2. Active lesion in which microglia at the edge 
of the plaque are immunologically activated. Macro- 
phages toward the center of the plaque have converted my- 
elin debris to neutral lipid (Figure 1 and Figure 2). 

Type 3. Modestly active lesion in which there is a dis- 
tinct edge of activated microglia and macrophages. The cen- 
ter of the lesion is completely demyelinated. 

Type 4. Least active or completely inactive lesion m 
which activated microglia and macrophages may be pres- 
ent but no neutral lipid or myeUn debris remains. 

In this study, we compared type 2 plaques with type 



4 plaques; in further studies, we will screen other plaque 
ixpes There were 22 t>'pe 2 plaques, 30 i>'pe 4 plaques, and 
37 normal-appearing \VM and GM samples each. Seven cases 
consisted of a i>T)e 2 plaque, \VM, and GM; 15 cases were 
composed of a t>'pe 4 plaque, WM, and GM; and 15 others 
were made up of all tissue t>T)es. Control tissue consisted 
of periventricular \VM and cortical GM from subjects with 
(1) Alzheimer's disease, (2) Parkinson's disease and 
(3) no neurologic disease. A sample containing both GM 
and \m from the temporal lobe of a subject with herpes 
simplex encephalitis was used as a positive control. 

NUCLEIC ACID EXTRACTION AND PURIFICATION 

Cryosections from each block were placed in 100-p.L ri- 
bonuclease-free. deox>'ribonuclease-free deionized water and 
stored at -70''C. Nucleic acids were extracted by gua- 
nidinium isothiocyanate-alkaline phenol^hloroform, fol- 
lowed by ethanol precipitation with glycogen as a earner. 

PRIMERS 

The oligonucleotide primer sequences were 5'TTGAAGC- 
GGTCGGCGGCGTA-3' and 5'GCATCGTCGAGGAG- 
GTGGA-3'(Bioser\'e Biotechnologies, Laurel, Md), giving 
a 148-base pair ampUfication product. This primer set is 
from a highly conserved region of the polymerase gene 
and gives a product specific for both HSV-1 and HSV-2. 
Primers were checked for primer-dimer formation, hair- 
pin formation, and mispriming sites with a 4.0 primer se- 
lection software program (Oligo, National Biosciences. Ply- 
mouth, Minn). Cross-reactivity with human genomic 
sequences was checked by means of a BLAST (Basic Local 
Alignment Search Tool) search. There was no cross- 
reactivity of these primers with Epstein-Barr virus, cyto- 
megalovirus, varicella-zoster virus, or human herpesvirus 
6 as determined by our using each of these viruses as tem- 
plate for PGR ampUfication and Southern blot detection and 
not obtaining a positive signal for any of the other viruses 
(data not shown). 

AMPLIFICATION AND SOUTHERN 
BLOT DETECTION 

Polymerase chain reaction ampUfication was carried out with 
the use of heat-stable Taq DNA polymerase in a total re- 
action volume of 100 p.L containing between 0.6 and 1.0 
u,g of the extracted nucleic acid as a template. The opti- 
mized reaction conditions used consisted of 200-jimolA. 
each deoxynucleotide triphosphate (2'-deoxyadenosme- 



tibody (both specific and nonspecific) intrathecally up 
10 11 years after infection.*^ A dissociauon of lympho- 
cytic response to HSV has been reported in patients with 

For editorial comment see page 123 

MS Isolated MS lymphocytes were not stimulated to an 
activated state when challenged by HSV; whereas other 
viruses did induce activation of MS lymphocytes equiva- 
lent to that found in controls.'^ 

We propose that the demyelination seen in MS is due 
to different causes in differenl cases. A case-by-case analy- 



sis resulting in a subset of cases in which HSV is detected 
in active plaques would support this proposal. U is not proot 
of cause and effect, but rather a necessary first step. In our 
study dissected MS plaques were histologically and im- 
munocytochemically characterized for myelin debns and 
immunologic activity.Samplesofnonnal-appeanng white 

matter (WM) and gray matter (GM) from the same sub- 
jects with MS were also studied to serve as a type of con- 
trol Adjacent sections were examined by PCR and South- 
em blot hybridization to determine the incidence of HSV 
Samples of normal-appearing WM and GM from subjects 
without MS were also studied to serve as a further control. 
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ers for all laboratory personnel before ihey eniered the tis- 
sue preparation laboratory. All laboratories were irradi- 
ated daily by mercury UV lamps. Laboratory technicians 
were assigned to separate duties. All pipette lips, tubes, and 
gels used for analyzing PCR products were discarded in a 
waste receptacle containing a 0.1-molA- hydrochloride so- 
luuon; similarly, all nonporous surfaces within the labo- 
ratories were wiped down with diluted hydrochloride to 
minimize carryover into other rooms. 



5'-triphosphate, 2'-deoxy-cytidine-5'-iriphosphate, 2'- 
deoxy-guanosine-5'-triphosphaie, and 2'-deoxy-thymidine- 
5'-triphosphate), 100 pmoI/L of each primer, 0.01% acety- 
lated bovine serum albumin, I.5-mmol/L magnesium 
chloride. 50-mmol/L potassium chloride, 10-mmol/LTRlS 
(pH, 9.0), and 0.1% Triton X-100. One unit of Taq poly- 
merase (Promega, Madison, Wis) was added in a modified 
"hot start" procedure using presized sterile wax beads (Am- 
pliWax, Perkin-Elmer Corp. Norwalk, Conn). The re- 
agents were heated and the Taq was added during the first 
thermocycling step. The thermocycling parameters were 
60 seconds at 95*C, 90 seconds at 6(fC, and 90 seconds at 
72^0, and ampUficaiion was performed for 40 cycles. Ther- 
mocycling was followed by a 10-minute final extension in- 
cubation at 72''C. Each specimen was run in triplicate within 
each thermocycling batch. 

After thermocycling, 10% of each PCR-amphfied prod- 
uct was run on a 1.0% agarose gel, partially depurinaied, 
and suction blotted onto a nylon membrane (Stratagene, 
La JoUa, CahO- The membranes were probed with a di- 
goxigenin-labeled oligonucleotide fragment specific for the 
PCR-amplified product using the methods and reagents out- 
lined in the manufacturer's kit (Genius, Boehringer- 
Mannheim Corp, Indianapolis. Ind). After probe hybrid- 
ization, the membranes were developed with alkaline 
phosphatase-conjugaied, digoxigenin-specific antibody. 
Colorimetric detection was carried out with 4-nitroblue tel- 
razolium chloride and 5-bromo-4'Chloro-indolyl- 
phosphaie (Boehringer-Mannheim Corp). The position of 
probe-detected bands compared with molecular-weight 
markers (molecular-weight marker VI, Boehringer- 
Mannheim Corp) were consistent with the expected am- 
pUfication product size (Figure 3). 

Semiquantitation, when performed, was as follows: the 
membranes were digitized on a scanner (model 11c, Hewlett- 
Packard Co, Palo Alto, CaliO at 300 dots per inch, 256- 
level gray scale (eight-bil), 100% size. The image- 
processing software (Image 1.52, public domain software 
written by Wayne Rasband of the National Institutes of 
Health, Belhesda, Md) was used to identify and outline bands 
(image panicles) and to quantify band area and mean band 
density. The product of band area and mean density gives 
a reliable indication of the amount of "blackness" present 
in a band, and was compared with a derived standard cur\'e 
to give a numerical value of the copy number for each band. 

To minimize tissue contamination, tissue prepara- 
tion, nucleic acid extracuon, PCR reagent preparation, and 
the amplification and detection procedures were per- 
formed in three separate buildings. Standard procedure dic- 
tated the use of disposable gowns and hair and shoe cov- 



RESULTS 



REPRODUCIBILITY AND ACCURACY CHECKS 

1. The stability of viral DNA against autolytic en- 
zymes was investigated by means of a 30-cycle PCR ex- 
periment performed on cryosections from a case of herpes 
simplex encephalitis stored at 4*'C, 25**C, and 37*'C for 1, 
2, and 7 days each. All groups were run in quadruplicate. 
Densitomeiric analysis of Souihem-bloUed amplificaiion 
products showed no significant differences among the 
groups ai different autolysis times and different tempera- 



P051TIVE AND NEGATIVE REACTION 
CONTROL DESIGN 

To identify and minimize the effect of false positives or false 
negaUves, we instituted a number of quality controls on each 
of our experiments. To identify false-positive results (1) 25% 
reagent blank controls (double-distilled water added in- 
stead of sample) were included in each PCR ihermocycHng 
batch; (2) 10% of all reaction tubes were true-negative con- 
trols (double-disiilled water was run through the entire 
nucleic acid extraction procedure); (3) each specimen was 
run in uipUcate (a specimen exhibiung only one positive was 
suspected of being a false positive and was rerun); and 
(4) 40-tube PCR batches containing 36 reagent blanks and 
one positive control serial dilution served as a redundant 
check on our contamination-prevention efforts. 

The following steps were taken to ensure that each PCR 
batch exhibited proper sensitivity: 

1. A serial dilution of HSV-1 strain DNA extract of 
known concentration (Catalog No. 08-705-000, Ad- 
vanced Biotechnologies Inc, Columbia. Md) representing 
one to 1 000 copies per reaction was added to each PCR batch 
as a sensitivity control (Figure 3). 

2. Nucleic acid extracted from temporal lobe tissue 
from a case of herpes simplex encephaUiis was used as an 
overall positive control for each experiment. 

3. Data was obtained only from id) membranes that 
exhibited a PCR sensitivity of at least 10 copies per reac- 
tion, (b) all positive controls exhibiting a strong specific 
band, and (c) every one of the negative control and re- 
agent blank lanes exhibiting no specific bands. All tissue 
specimens were coded at the time of specimen prepara- 
tion and remained coded until after all membranes in the 
study were developed. 

STATISTICS 

The statistic (with continuity correction as needed) was 
used to compare frequencies of positive signals among 
groups with a cutoff P value of .05.'^ 



lures, suggesting that there was no effect of autolysis time 
on viral DNA integrity under these conditions (Figure 4). 

2. Variability of nucleic acid purification and re- 
covery was tested by comparing the signal of three groups 
of samples of precisely equal starting material. Dilu- 
tions of a herpes simplex encephalitis tissue homog- 
enaie were extracted (1:1, 1:100, and 1:10000), and the 
resulting amplified product signals were compared. There 
were 12 tubes per group. There was no significant dif- 
ference among the tubes within each group, indicating 
that there was no systematic variability in nucleic acid 
purification and recovery (Figure 5). 
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Table 1. Information in Cases ot Multiple Sclerosis (MS), 
Listed by Increasing Duration of Disease 



HSB Age, y/ Disease 
No.* Sex Duration, y 


735 


39/M 


4 


894 


38/M 


5 


944 


33/F 


6 


644 


37/F 


8 


793 


sm 


8 


802 


48ff 


8 


573 


50/F 


9 


678 


40/M 


10 


536 


31/M 


11 


1864 


37/F 


11 


1035 


66/M 


12 


511 


40/M 


13 


1238 


36/F 


13 


1134 


51/M 


14 


1862 


69/M 


14 


2190 


70/M 


14 


1011 


44/M 


16 


1337 


59/F 


16 


1291 


44/F 


19 


996 


41/F 


20 


888 


50/M 


21 


1145 


42/M 


22 


344 


42/M 


23 


845 


45/M 


23 


1588 


46/F 


23 


1061 


50/F 


24 


934 


50/F 


25 


1174 


65/M 


27 


640 


51/M 


28 


1446 


51/F 


29 


1270 


67/F 


30 


1668 


59/F 


32 


909 


70/F 


40 


1088 


64/F 


40 


579 


61/M 


41 


338 


65/M 


44 


1779 


69/F 


47 



Cause ot 
Death 



Autolysis, ti 



Pneumonia 

Pneumonia 

Septicemia 

Cardiac arrest 

Pneumonia 

Pneumonia 

Overdose/suicide 

Cardiac arrest 

Cardiac arrest 

Anoxia 

Pneumonia 

Respiratory failure 

Gastrointestinal bleeding 

Septicemia 

Septicemia 

Respiratory failure 

Pneumonia 

MS 

Cardiac arrest 

Fibrosarcoma 

Pneumonia 

Ano)oa 

Pneumonia 

Drowning 

Respiratory failure 

MS 

Pneumonia 

Septicemia 

Pneumonia 

Pneumonia 

Septicemia 

Septicemia 

Undetermined 

Renal failure 

Pneumonia 

Pneumonia 

Lung cancer 



6 
60 
22.5 
11 

5 

10.5 
15 

5.5 
25 
12 

10.5 

12 

19.5 

35 
9 
9 

4.5 
14 
7 
14 
8 

31.5 
6 
28 
24 
12 
11.5 
12 
23 

4.5 
23.5 

9.5 
31 
11.5 
12 

6 

6.5 



*HS8 indicates Human Specimen Bank. 

3 Variability of ampUrication efTiciency within a PGR 
experiment and between PGR experiments was exatn- 
ined.Imensityofsequence-specificSouthernblotb^^^^^ 
fromsevenserialdilutionsafHSV-lMaclntyrestram^^^^ 
extract (one to 1000 copies per reaction) from three dif- 



ferent PGR runs was measured. The serial dilutions were 
plotted, and the equations of the resulting ^^nes ^^^e d^. 
termined. There were no differences among the deter- 
mined line equations from different dilution senes within 
a PGR experiment (figure 6). 

DETECTION OF HSV 

Multiple Sclerosis 

The overall incidence of cases l^at were posUi^^^^^^^^ 
within the entire MS group was 46% (17/37) (Table 3). 
Tl* (9m) of the type 2 plaques, 20% (6/30) o the t^^ 
4 plaques, and 24% (9/37) and 14% (5/37) of normal- 
appearing WM and GM, respectively, were positive for 



HSV. There wSTno significant difference among these 

'"''"casrhy-'clseialysis of the pattens of xnrus dis- 
tribudon showed that 32% (12/37) fulfilled the enter, 
for presence of virus in some meaningful combination 
Table 4). Three cases had virus only .n ype 2 
plaques; three had virus in tm ^ and tpe 4 plaques; 
fwo had virus in type 2 and type 4 plaques and in 
normal-appearing \«m; one had virus in all sample 
ZeT; one^ had ^4s in t)T,e 2 plaques and m normal- 
a jpearing WM and GM; one had virus m type 2 
plaques and in normal-appearing WM, and one had 
virus present in type 2 plaques and >" normal- 
appearing GM. There were five other cases that had a 
variable distribution of positive signaU. none of which 
were found in type 2 plaques. 

Controls 

Seventeen (28%) of 61 control cases were positive for HSV 
(S 5): six (27%) of the 22 cases without neuro- 
ogic disease, five (23%) of the 22 cases of Alzheimer s 
dlease and six (35%) of the 17casesof Parkinsons dis- 
ease There were no significant differences among con- 
trol subgroups. Among the control cases, HSV was pres^ 
entin23% (14/61) of thecases in which WM was sampled 
and 13% (8/61) of those in which GM was samp ed- 
There was no significant difference between the fre- 
JueTcy of casesith positive WM samples and cases wtth 

positive GM samples. 

MS vs non-MS Controls 

in the MS group, 46% of the samples were posW« for 
HSV (Table 3); 28% of all the samples in the non-MS con- 
"oUroup were positive for HSV (Table 5). There was 
no sienif^ant difference between these groups (P=.ll). 
Tn tSs group, HSV was found in 24% and 14% of the 
Za and GM samples, respectively, and in the non_ MS 
lup, it was found in 23% and 13% of the samples. There 
was no significant difference between these groups ei- 

'''"^^^^i^ofinherentdifferencesintissue type (plaque, 
WM and GM) and size of sections affecting cell num- 
ber^per section and amount of DNA presem, the asso^ 
ciation between quantity of DNA and frequency of HSV 
po itivity was statistically analyzed. There was no su^ 
tistically significant difference in the quantity of DNA and 

;heincidenceofpositivesignals(datanotshowr^P=m 
Therefore, the positive signals were not S'""?'/ *e re 
suit of greater DNA concentrations being used as tem- 

plate. 



Our laboratory has taken precautions to avoid the in- 
herent pitfalls associated with the extreme sensitivity of 
the PCR procedure. We have demonstrated that our 
detection method is reliably sensitive de^ ^^^^^ 
tween one and 10 virus copies per reaction. It has been 
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Table 2. Control Case Information, Sorted by Diagnosis* 



HSB 
No. 


Age, y/ 
Sex 


Diagnosis 


Disease 
Duration, y 


Cause of 
Death 


Autotyste, h 


648 


52/F 


NND 


NA 


Suicide 


20 


1264 
1289 


45/M 


NNO 


4 


Pneumonia/lung carror 


15 


74/M 


NMD 


NA 


Cardiorespiratwy failure 


85 


1502 


79/M 


NNO 


NA 


Cardiorespiratory failure 


19.5 


1508 


7B/f 


NND 


NA 


Cardiorespiratory faflure 


7 


1539 


68flV! 


NND 


1 


Metastatic cancer 


16.5 


1640 


mA 


NNO 


NA 


Pneumonia 


15.5 


1645 


7(VF 


NND 


NA 


Cardiorespirator/ failure 


8 


1732 


72/M 


NND 


NA 


Cardiorespiratory f^Iure 


19.5 


1736 


76/M 


NND 


NA 


Cardiorespiratory failure 


17.5 


1768 


71/M 


NND 


NA 


Pulmonary embolism 


25 


1775 


69/M 


NND 


NA 


Cardiorespiratory failure 


17 


1797 


8(VM 


■ NND 


NA 


Cardiorespiratory failure 


26.5 


1818 


5m 


NND 


NA 


Cardiorespiratory failure 


15 


1846 


73/M 


NND 


NA 


Pneumonia 


26.5 


1903 


7m 


NND 


NA 


Cardiorespiratory failure 


13 


1933 




NND 


NA 


Cardiorespiratory failure 


15 


2104 


71/M 


NND 


NA 


Pneumonia 


25.5 


2181 


em 


NND 


Undetermined 


Lung cancer 


7 


2187 


55/M 


NND 


NA 


Cardiorespiratory failure 


24.25 


2255 


73/M 


NND 


NA 


Cardiorespiratory failure 


23.5 


2308 


68/M 


NND 


NA 


Myocardial infarction 


20 


1702 


7&? 


AD 


15 


Cardiorespiratory failure 


5.5 


1723 


77/F 


AD 


Undetermined 


Undetermined 


12 


1733 


80/M 


AD 


6 


Cardiorespiratory failure 


19 


1739 


84/M 


AD 


6 


Pneumonia 


8 


1746 


75/M 


AD 


6 


Cardiorespiratory failure 


5.5 


1801 


75/F 


AD 


4 


Pneumonia 


19 


1972 


79/F 


AD 


Undetermined 


AD 


6.5 


1979 


83/M 


AD 


6 


Pneumonia 


13 


1988 


87/F 


AD 


6 


AD 


4.5 


2005 


84/M 


AD 


8 


Metastatic colon cancer 


8.5 


2078 


86/F 


AD 


9 


Cardiorespiratory failure 


12.5 


2080 


77/F 


AD 


Undetermined 


Undetermined 


8.5 


2162 


75/M 


AD 


12 


Cerebral infarct 


5 


2166 


84/F 


AD 


17 


Pneumonia 


14.5 


2173 


79/F 


AD 


3 


Pulmonary embolism 


5.5 


2175 


83/M 


AD 


Undetermined 


Undetermined 


7.5 


2182 


92fl= 


AD 


8 


Cardiorespiratory failure 


10.5 


2186 


83^^ 


AD 


8 


Undetermined 


9 


2188 


80/M 


AD 


3 


Cardiorespiratory failure 


20.5 


2195 


80/F 


AD 


5 


Undetermined 


8.25 


2196 


87/F 


AD 


5 


AD 


7 


2177 


72/M 


AO 


6 


Cardiorespiratory failure 


9 


1259 


79/M 


PD 


Undetermined 


Pneumonia 


21.5 


1303 


78/M 


PD 


3 


Cardiorespiratory failijre 


8.5 


1315 


74/M 


PD 


13 


Cardiorespiratory failure 


10 


1567 


76/M 


PD 


Undetermined 


Undetermined 


19 


1593 


79/M 


PD 


17 


Cardiorespiratory failure 


5 


1613 


85/M 


PD 


23 


Cerebral infarct 


7.5 


1658 


7a/M 


PD 


5 


Urosepsis 


21 


1746 


78/M 


PD 


12 


Undetermined 


5.5 


1747 


75/M 


PD 


Undetemitned 


Renal failure 


5 


1767 


72/M 


PD 


27 


Cardiorespiratory failure 


5.5 


1810 


65/M 


PD 


19 


Multiple myeloma 


7 


1889 


76rt^ 


PD 


18 


Adenocarcinoma 


15.5 


1971 


80/M 


PD 


5 


Cardiorespiratory failure 


9 


2004 


81/M 


PD 


10 


Undetermined 


7 


2163 


83ff 


PD 


11 


Cardiorespiratory failure 


9 


2262 


83flifl 


PD 


Undetermined 


Cardiorespiratory failure 


15 


2290 


75flyi 


PD 


9 


Cerebral Infarct 


12 



*HSB indicates Human Specimen Bank; NND. nonneufOlogic disease; AD, Alzheimer's disease; PD, Parkinson's disease; and NA not applicable. 
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established thai the viral DNA does not degi^de sigiiifi- 
SXndthat.hereisrebtivelylitllevariabjhtymnucle.c 
rddextractionand ampUncation efficiency between .den- 
ical sprcLens, suggLing that our PGR amphf.ca.ton 
s not overshadowed by random error. Hence, our meth- 
odolorissensitive.specific.reproducible,andwr,hout 

contamination. 

MULTIPLE SCLEROSIS 

We found HSV in a subset of CNS sainples [rom both pa- 
tients with MS and control pat.ents. Seventeen (46%) of 
37 cases of MS had samples that were positive for HSV. 
Th^eda°a.analyzedonacase-by-casebasis.aretnke^^^^^^ 
L with our idea that there is more than one cause of 
MS For a given virus to be involved in the pathogenesis 
of MS it must be present in plaque tissue. It is an ex- 
pected result that individual cases may have disstmila 
Tauems of distribution of a candidate virus in differem 
lissue types (Table 4). Our hypothesis predicts that HSV 
ofoth ^^os iblecausativeagentswillbepreseniandac- 
rive in t^e 2 plaques, but it is also possible ..ha latent 
^.^ w'mbe present. In distribution patterns 11 IH. and 
Tv U is possible that some active virus will be found in 
tvi;e4plaques.butthemajontywillbelatent.lntheother 

Ktionp;.ems,thevirus should be inalatentph^ 
in normal-appearing WM and GM. Future eKpenments 
^11 d«em,'ne the latency state of the virus m each of 

*^';^StmireMSgroup.41%oftheactivet^^^^ 

2 plaques were positive for HSV, whereas only 20%of 
thetN^4and25%andl4%ofthenormal.appeanngVm 

Ind tissue samples, respectively, were posmve for 
HSV Our results suggested a trend but did not show any 
s^onificam differences. Perhaps the virus was not com- 
pfeS eradicated from the inactive lesions or that it js 
fn a latent form in these plaques and in normal- 

^■'''Ttfl^cud c^lU are identiMed. it is not possible 
to determine whether the virus is a causative agent. ^ 
merely present in a latent form, or is a consequence of 
Te immunologic activation associated with ac uve de- 
*;rnrtl.Thehigherprevalenceofvirusinactivetm 
2 plaques may be attributable to the innammaiory re- 



Ftore 2 Type 2 pliQue- Seouential seclion of iKe plaque seenj Figure I 
lZ^loJlTbqJoli>ose6 of lipid-Wled macrophages (o,l ren 0. 

original magnification x40). 



Molecular-Weight Marker 



Herpes Simplex Encephalitis 



HSBNo. 1933 Normal 



HSB No. 1933 Normal 



HSB No. 1933 Normal 



HSBN0.1767WM 
ParWnson's Disease 



HSB No. 1767/WM 
ParWnson's D 



HSB No. 1767/WM 
ParVdnsoft's Disease 



Z1%se \xJo, neuro^ 6^ 
No. 1933) and a rase ol Parkinsons disease (HSBNO. ut,/). 

snonse occurring in the lesion site, but the 14 type 2 
;Cu«^twerenegativeforHSV(Table3)argueaga.ns^ 

this explanation. These actively demyehnating plaques 
are withoutvirusbut contain inflammatory inriltratessimi- 
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Figure 4. Effect of autolysis time (1, 2. or 7 days) and different 
temperatures (rc, SS'C. or 37%) on integrity of viral DNA from herpes 
simplex enceptialitis brain tissue as determined by semiquantitative 
polymerase chain reaction and Southern blot hybridization. 00 indicates 
optical density of membrane band. 
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Figure 5. Variability of nucleic acid extraction and recovery procedure. 
Comparison of three groups (N=12) of precisely equal starting material 
(1:1. 1:100. and 1:10000 dilutions of herpes simplex encephalitis tissue 
hornogenate) as determined by semiquantitative polymerase chain reaction 
and Southern blot hybridization. 00 indicates optical density of membrane 
band. 



lar to those in plaques with virus. This situation implies 
that the inflammation of MS per se does not bring in HSV- 
infected cells from the blood. These type 2 plaques with- 
out HSV could be attributable to another cause. Never- 
theless, if HSV is related to the MS disease process, it is 
reasonable that active virus would be found at the high- 
est frequency in areas of immunologic activity and re- 
cent destruction of myelin. 

To our knowledge, it has not been reported that 
HSV is found more frequently in WM than GM. In our 
study, the careful dissection of pure WM or GM 
reduced the possibiHty of contamination. Perhaps the 
sensitivity of PGR permitted the detection of low lev- 
els of HSV (either active or latent) in neurons that are 




• 


DSt-1 


■ 


OS 2-1 


A 


DS3-t 


♦ 


OS 1-2 


o 


OS 2-2 




OS 3-1 


o 


OS 3-2 



/=1 .3134e+05+574.09x/f=O.38362 
>fe1 .144e+054552.ai xR=0.95528 
y^7B880+575.5ax/?=0.97S48 
/=9005&+485.1 1xfl=0.96178 
y= 1.231 7et05+455.34xifi=0.96464 
.2333e+05t435.65xfl=0.9431 4 
y= 1.2B56e+05> 584.74xfl=0.94282 



400 6O0 
Copy No. 



1000 



Figure 6. Variability of amplification efficiency within a polymerase chain 
reaction (PGR) experiment and betvireen PGR experiments. Companson of 
serial dilutions of herpes simplex virus 1 DNA extract (one to 1000 copies 
per reaction) from three different PGR runs. The serial dilutions were 
plotted and the equations of the resulting lines were determined. OS 
indicates dilution series, denoted by PGR run number followed by series 
number: 00, optical density of membrane band. Note: Slope (R) and 
intercept (y) are similar for each equation derived from the line plotted for 
each dilution series. 



Table 3. Cases of Multiple Sclerosis (MS) Positive 
for Herpes Simplex Virus (HSV)* 



HSB 


Disease 


Type 2 


Type 4 




GM 


No. 


Duration, y 


Plaque 


Plaque 


WM 


2190 


14 


Positive 


Negative 


Negative 


Negative 


344 


23 


Positive 


Negative 


Negative 


Negative 


934 


25 


Positive 


NA 


Negative 


Negative 


678 


10 


Positive 


Positive 


Negative 


Negative 


1588 


23 


NA 


Positive 


Negative 


Negative 


1174 


27 


NA 


Positive 


Negative 


Negative 


944 


6 


Positive 


NA 


Positive 


Negative 


1270 


30 


NA 


Positve 


Positive 


Negative 


1238 


13 


Positive 


Positive 


Positive 


Positive 


802 


8 


Positive 


" Negative 


Negative 


Positive 


1864 


11 


Negative 


Negative 


Positive 


Negative 


1134 


14 


NA 


Negative 


Positive 


Negative 


888 


21 


Positive 


Negative 


Positive 


Positive 


845 


23 


Negative 


Positive 


Negative 


Positive 


640 


28 


Positive 


Negative 


Positive 


Negative 


909 


40 


NA 


Negative 


Positive 


Positive 


1779 


47 


NA 


Negative 


Positive 


Negative 


Total 




9/22 


6/30 


9/37 


5/37 


Positive, 




(41) 


(20) 


(24) 


(14) 


No. (%) 













M total of 17 (46%) of the 37 cases of WS were positive for HSV. HSB 
indicates Human Specimen Bank; IVM, white matter; GM, gray matter; and 
NA, not applicable. 

located in the WM or in nonneuronal cells. Astrocytes 
and oligodendrocytes may be infected by HSV'^ 
other nonneuronal cells (eg, macrophages, microglia, 
endothelial cells, and intravascular leukocytes) may 
contribute to the positive signal. It is also possible that 
the virus is in the axon of its infected neuron located 
in nearby GM. On the other hand, the infected 
normal-appearing WM could be prelesional, where 
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Table 4. Patterns of Virus Distribution In Postmortem Multiple Sclerosis Brain Tissue* 



Pattern 



II 
tit 
IV 
V 
VI 
VII 



Type 2 Plaque 



Present 
Present or NA 
Present or NA 
Present or NA 
Present 



Present 



Type 4 Plaque 



Not present 
Present 
Present 
Present 
Not present 
Not present 
Not present 



NAWM 



Not present 

Not present 

Present 

Present 

Present 

Present 

Not present 



NAGM 



Not present 
Not present 
Not present 
Present 
Present 
Not present 
Present 



HSB Nos. 



344. 934. 2190 

678. 1174. 1538 

944, 1270 

1238 

8S8 

640 

802 



^ indicates normat-appearing white matter; NAGM, normal-appeanng gr^y matter, HSB. Human Specimen Bank; and NA not available. 



viral load is either in a latent stage or active but too 
low to cause distinct tissue damage. 

The positive results in our cases of MS are in con- 
trast to those of Nicoll et al," who reported that only one 
of the samples obtained from 23 patients with MS was 
positive for HSV. They used formalin-fixed, paraffin- 
embedded tissue and detected the amplified product with 
ethidium bromide, which is less sensitive than South- 
ern blot hybridization. These differences in methodol- 
ogy could explain the different results. 

CONTROLS 

Herpes simplex virus was found in 27% of the patients 
without neurologic disease, in 23% of the patients with 
Alzheimer's disease, and in 35% of the patients with Par- 
kinson' disease. The presence of HSV in the CNS of such 
a high percentage of cases is not a surprise owing to the 
ubiquitous and neurotropic nature of the virus. Simi- 
larly, it is not unreasonable to find HSV in tissue with 
no ot3vious disease, as is the case when the trigeminal 
ganglia are infected with latent virus. 

Our results differ from those of other studies that 
have examined brain tissue for the presence of HSV 
using PGR. Alexander et al" did not find HSV in any 
samples of temporal lobe tissue obtained in schizo- 
phrenic, nonschizophrenic suicide, or normal control 
cases. In contrast, Jamieson et al" found HSV in fron- 
tal, temporal, and hippocampal tissue samples in all 
eight cases of AD and in six normal control cases. The 
small size of these studies could explain the conflict- 
ing results. 

Our study expands on the work by Baringer and 
Pisani,' who reported a baseline frequency rate of HSV 
in 35% of nonneurologically diseased brains. The 
authors confined their search to the trigeminal gan- 
glia, olfactory bulbs, medulla, pons, hippocampus, 
amygdala, gyrus rectus, calcarine cortex, and cerebel- 
lum. All the samples contained both GM and WM. 
Herpes simplex virus was most frequently detected in 
the pons, medulla, and olfactory bulbs. While an asso- 
ciation of HSV with neurologic disease is not refuted 
by the authors, they caution other researchers to be 
conservative about interpretation of results based on 
frequency rates. 

Our study, because of the different focus, exam- 
ined cortical GM and WM primarily from the corona ra- 
diata; to our knowledge, this is the first study to dis- 



Tohio ^ 

laoic Q. 


Control Cases Positive for Herpes Simplex Vims* 






White 


Gray 


HSB No. 


Diagnosis 


Matter 


Matter 


1645 


NND 


Positive 


Negative 


1736 


NND 


Positive 


Negative 


1768 


NND 


Negative 


Positive 


1818 


NND 


Positive 


Negative 


1903 


NND 


Positive 


Negative 


2308 


NND 


NS 


Positive 


1702 


AD 


Negative 


Positive 


1723 


AD 


Positive 


Negative 


1801 


AD 


Positive 


Positive 


1979 


AD 


Positive 


Positive 


2188 


AD 


Positive 


Negative 


1315 


PO 


Positive 


Negative 


1658 


PD 


Positive 


Positive 


1746 


PD 


Positive 


Negative 


1747 


PO 


Positive 


Negative 


1767 


PD 


Positive 


Negative 


1810 


PO 


Positive 


Positive 



*NND indicates nonneurologic disease; AD, Alzheimer's disease; PD, 
Parkinson's disease; and NS, not sampled. Six (27%) of 22 NND cases, 
five (23%) of 22 AD cases, and six (35%) of 17 PD cases were positive 
for HSV (total, 17 {28%} of 61). 



criminate between tissue types (plaque type as well as 
WM and GM). Despite the differences in samples exam- 
ined, our results are in accord with those of Baringer and 
Pisani.^ 

MS vs CONTROL CASES 

Herpes simplex virus was found slighdy more often in 
cases of MS than in control cases, although the differ- 
ence was not statistically significant. It would be prema- 
ture to explain this difference as proof of causation. Other 
explanations are compelling as well. Patients with MS are 
usually treated with steroids or other immunosuppres- 
sants. The immunosuppression occurring in the pa- 
tients because of the medications could allow for the re- 
activation of the virus and travel across the blood-brain 
barrier. The virus may enter the brain through infected 
macrophages or lymphocytes that are sometimes seen in 
the perivascular space of grossly normal-appearing tis- 
sue. Another possibility is that because of the different 
cellular milieu, virus is technically more easily identi- 
fied in type 2 plaques and WM than in type 4 plaques 
and GM. 
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The significance of our results to MS is yet to be de- 
termined, especially in view of the high frequency of vi- 
rus found in non-MS cases. However, this study is our 
first step in elucidating the role of HSV in the pathogen- 
esis of MS. Multiple sclerosis may have many different 
causes, all resulting in primary demyelination. Our data 
support this notion, since 39% of type 2 plaques did not 
contain HSV, in contrast to 41% that did. A long-term 
goal of our laboratory is to establish which cell or cells 
may be harboring a latent or active virus in the samples 
positive for HSV. Will oUgodendrocytes in active plaques 
contain HSV that is expressing proteins, in contrast to 
inactive and normal-appearing \VM and GM in which HSV 
is latent? 
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Aniwunccmcut 



Free Patient Record Forms Available 

Patient record forms are available free of charge to 
Archives readers by caHing or writing FORMEDIC, 12D 
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Abstract 



Experimental allerigic encephalomyelilis (EAE) is facilitated in resistant BALB/c mice by intraperitoneal infection with an avimlenl 
Semlild Forest virus (SFV-A7). Viral infection increases the incidence of EAE from 15-30% to 60-90% and speeds up appearance of 
paralysis from 24 to 14 days. In this paper, we describe treatment of virus-facilitated EAE with monoclonal antibodies mAbs against 
leukocyte and/or endothelial cell adhesion molecules. Therapy with mAb against ICAM-1 (intercellular adhesion molecu!e-0 had a 
modest effect, but caused hemorrhagic brain and spinal cord lesions. Therapy with mAb against Mac- 1 ( aM^r.niegnn) was wel 
tolerated but had no effect. Therapy with mAb against VLA-4 ( a, ^, -integrin) was safe, diminished both clm.cal and h.stopathological 
signs of EAE decreased induction of VCAM-1 (va.scular cell adhesion molecule-l) on brain vessels and dimmished infiltrauon of 
VLA-4- cells'into the brain. The amount of viral antigen in the brain was not altered. We conclude that facilitation of leukocyte en^ 
into the brain is a major mechanism for viral facilitation of EAE in the BALB/c mouse, and that facilitation can be mh.bited by 
anti-adhesion therapy. This may have implications for treatment of relapses triggered by viral infections in multiple scleros).^. 

Keywords: Experimental allergic encephalomyelitis; Semliki Forest vims infection: Cell adhesion molecules: Multiple sclerosis 



1. Introduction 

There is no spontaneous animal model that would repre- 
sent the complexity of the pathogenesis of the human 
autoimmune-mediated central nervous system (CNS) dis- 
ease, multiple sclerosis (MS). Experimentally induced al- 
lergic encephalomyelitis (EAE) in rodents is considered as 
a useful model for studying the pathogenesis of MS and 
hopefully for designing new specific therapies (Raine, 
1984; Wekerle et al., 1994). Viral infections can serve as 
triggers of relapse phases of MS (Sibley et al., 1985; 
Anderson et al., 1993). To study this specific aspect in the 
pathogenesis of MS. we have established a model of 
virus-facilitated EAE in BALB/c mice (Wu et al., 1988; 



■ Corresponding author Tel.: +358 (21) 633 7461; fax: +358 (21) 
251 3303; e-mail: nKrja.soilu-hanninen@uiu.n 
' Present address: Glaxo Wellcome. Finland. 



Ei^ilinna el al., 1994). This mouse strain is genetically 
resistant to EAE induction. Whole body irradiation and 
subsequent immunization with spinal cord homogenaie 
lead to development of paralysis in 15-30% of mice 
between 18 and 28 days after injection. Intraperitoneal 
infection with a non-lethal mutant of a neurotropic Semliki 
Forest virus (SFV-A7) 7 days after immunization, in- 
creases the incidence of EAE to 60-90% and shortens the 
mean time required for appearance of clinical signs from 
24 to 14 days. 

Entry of T-cells into the CNS has a pivotal role in the 
formation of MS lesions (Raine. 1991). Interaction be- 
tween adhesion receptors on leukocytes and their endothe- 
lial ligands is a prerequisite for transendothelial migration. 
Both members of the immunoglobulin (Ig) superfamily 
and integrin family of adhesion receptors have been impli- 
cated in T-cell recruitment into brain in MS (Sobel et al.. 
1990; Washington et al., 1994; Svenningsson et al., 1993). 
Inhibition of lymphocyte migration across endothelial cells 
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by blocking ihe funciion of adhesion receptors by mono- 
clonal antibodies provides an opportunity for therapeutic 
intervention into CNS autoimmune reactions. 

Anti-adhesion receptor therapy has been studied and 
shown to be effective in many rodent models of EAE 
Antibodies against q4/3 1-inlegrin (VLA-4) have been 
shown to inhibit adoptively transferred EAE both in Lewis 
rats and in PL/J mice (Yednock el al.. 1992; Baron et al., 
1993). Anti-ICAM- 1 therapy has been reported to suppress 
actively induced EAE in Lewis rats (Archelos et al.. 1993). 
Another group reported that anti-lCAM-l therapy inhibits 
both actively induced and adoptively transferred EAE in 
Lewis rats, but only when combined with LFA-t antibod- 
ies (Kobayashi el a!.. 1995). Also anti-Mac- 1 therapy has 
been shown to suppress EAE induced by active immuniza- 
tion in Lewis rats (Huitinga et al., 1993). Both LFA-I and 
Mac-1 antibodies were recently reported to delay the onset 
and diminish the severity of adoptively transferred EAE in 
PL/J mice (Gordon et al., 1995). Antibodies against adhe- 
sion receptors will also enter clinical trials involving hu- 
mans in the near future (Lobb and Hemler, 1994). 

We have shown previously, thai SFV-A7 infection of 
mice leads to blood-brain barrier (BBB) damage and 
increases expression of ICAM-I on brain vessels (Soilu- 
Hanninen et al., 1994). This may contribute to the facilita- 
tion of EAE by SFV-A7 (Eralinna et al., 1994, 1996). 
Cells strongly expressing the 02-'ntegrin, Mac- 1, which 
is involved in macrophage adherence to endothelium, are 
the most numerous cell type in the CNS mononuclear cell 
infiltrates in virus-facilitated BALB/c EAE (Eralinna et 
al., 1994). Increased expression of VLA-4 on CDS"^ and 
CD4^ splenocytes has been suggested to be a general 
phenomenom associated with systemic viral infections 
contributing to the homing properties of T-cells during 
infection (Andersson et al.. 1994). Based on these findings 
and data accumulated from anti-adhesion receptor therapy 
experiments in other EAE models, we cho.se anti-ICAM-l, 
anti-Mac- 1 and anti-VLA-4 mAbs for in vivo treatment 
experiments of Semliki Forest virus-facilitated BALB/c 
EAE. 

In this paper we present results of clinical, histopatho- 
logica) and immunohistochemical studies of the effect of 
anti-adhesion receptor therapy on virus-facilitated EAE. 
Anii-ICAM-1 mAb had a modest clinical effect, but caused 
hemorrhagic lesions in the CNS. Anti-Mac- 1 therapy was 
well tolerated, but ineffective. Anii-VLA-4 therapy dimin- 
ished clinical signs of EAE and led to a marked reduction 
in the CNS inflammatory lesions. The amount of viral 
antigen in the brain was not altered and therapy did not 
result in any evident clinical or histopathological adverse 
events. The results indicate that the major mechanism by 
which SFV-A7 infection facilitates EAE in the BALB/c 
mouse is the facilitation of leukocyte entry into the CNS 
via VLA-4/VCAM-1 -pathway. The findings may have 
relevance for future treatment of relapse phases of MS 
associated with viral infections. 



2. Materials and methods 

2.1. Mice 

BABL/c mice were raised M the Central Animal Labo- 
ratory of the University of Turku from breeder stocks 
obtained from Harlan Sprague-Dawley, Inc., USA. Fe- 
male mice at age 6 to 8 weeks were used for EAE 
experiments. 

2.2. Virus 

An avirulent mutant of Semliki Forest virus (SFV-A7) 
was obtained from Dr. H.E. Webb (Neurology Unit, De- 
partment of Neurology, Rayne Institute, St. Thomas' Hos- 
pital, London. UK), plaque purified three times and ampli- 
fied in a BALB/c mouse brain cell line (MBA-l) previ- 
ously established in our laboratory. Virus was titrated in 
another BALB/c brain cell line (MBA- 13) using a stan- 
dard plaque assay. The virus was stored in 1-ml aliquots at 
-10°C. Virus was used at I X lO*" plaque forming units 
(PFU)/mouse injected intraperitoneal !y (i.p.) in 100 /il of 
sterile phosphate-buffered saline (PBS). 

2.3. Monoclonal antibodies 

Hybridomas producing rat mAbs against murine ICAM- 
1 (IgG;,. clone YN/1.7.4.), Mac-l/CDIlb (IgGzb. clone 
5C6), VLA-4 (IgGjh, clone PS/2) and anti-mouse 
macrophage surface' marker, F4/80 (IgG^b, isotype 
matched control mAb for anti-Mac- 1 and anti-VLA-4) 
were from ATCC (American Type Culture Collection. 
Rockville, MD). Rat anti-mouse syndecan mAb 281.2 
(IgGj^, isotype matched control mAb for anii-ICAM-l) 
was purchased as purified, concentrated mAb from Turku 
Biotechnology Center. Turku, Finland. For production of 
mAbs for in vivo injections, the hybridomas were grown in 
serum-free and protein-free growth medium (Catalog No. 
S-2772, Sigma, St. Louis. MO, USA). Protein was precipi- 
tated from cell-free supematants with saturated ammonium 
sulfate (340 g/1 of (NH4)2S04 at +4°C) and dialyzed 
against PBS. Purity of the mAbs was verified by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE) and all aliquots to be used were essentially free 
from contaminating proteins. Protein concentrations were 
determined by Ulirospec K 4053 spectrophotometer (LKB 
Biokrom, Cambridge. UK) based on optical density values 
at 280 nm. MAbs were adjusted to a final concentration of 
1 mg/ml in PBS and sterilized by filtration (0.2 fim filter 
from Millipore, Bedford, MA). Total of 0.1 mg (100 /xl) 
of mAb was injected i.p. into mice every other day. For 
immunohistochemistry. anti-VCAM-l mAb (CD 106) was 
purchased from Pharmingen (San Diego. USA) and the 
hybridoma producing anti-LFA-1 (CD I la, clone Ml 7/5.2) 
mAb was from ATCC. Anti-SFV-A7 antibodies were pro- 
duced in our laboratory by immunization of rabbits with 
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purified inaciivated SFV-A7. Vectasiain ami rabbit and 
anti-rai antibody staining kits were purchased from Vector 
Laboratories (Burlingame, CA, USA). 

2.4. Induction of EAE 

6-8-week-old female BALB/c mice were whole body 
irradiated with 3.5 Gy using a linear accelerator (4 MeV 
photons) at the Department of Radiation Therapy and 
Oncology, Turku University Hospital, Turku. Finland. Two 
days after irradiation, 100 of suspension containing 3 
mg of lyophilized mouse spinal cord homogenate (MSCH) 
in 50 /xl of sterile PBS and 50 of complete Freund's 
adjuvant (CFA), was injected into hind footpads of mice. 
At days I and 3 after injection of neuroantigen, 100 ng of 
pertussis loxin (Islet-activating protein. List Biological 
Laboratories, USA) in 100 /il of PBS was injected i.v. via 
the tail vein. Seven days after administration of neuroanti- 
gen, mice were infected i.p. with 1 X 10' PFU of SFV-A7 
in 100 Ml of sterile PBS except for one group of mice that 
was not infected (Table I, Experiment 4). All animal 
experiments were approved by the ethics committee of the 
local state authorities. 



2.5. Evaluation of clinical symptoms 

The severity of disease was evaluated daily using the 
following scale: 0. no clinical symptoms; I, fur ruffing. 2. 
tail atonia, slight hind limb paralysis; 3, paraplegia affect- 
ing one or both hind limbs; 4, total paralysis or moribund 
state; 5, death. Only mice that proceeded to grade 3 or 
more (developed a clear paralysis) were counted in the 
incidence figures of EAE. 

2.6. Histology and immunohistochemistry 

At the peak of the clinical disease, 15 days after 
immunization, 4 mice in the control mAb group and 4 
mice in anti-VLA-4 and anti-ICAM-1 treated groups (Ta- 
ble 1, Experiment 5). were killed and processed for histol- 
ogy. Histological examination was performed also on four 
anti-ICAM- 1 -treated but uninfected and unimmunized age- 
and sex-matched control mice. Mice were deeply anes- 
thetized and perfused through the left cardiac ventricle 
with phosphate-buffered 4% paraformaldehyde. Brains and 
spinal cords were removed and immersion fixed for at 
least 24 h. Tissue samples were then embedded in paraffin. 



Tabic I 

EApcrimental design and summary of results of anti-adhesion recepiof therapy in BALB/c EAE 



mAb treaUT«m period Number of Day of onset Durauon of 

(days after immunization) paralyzed mice (Mean ± S.E.M.) the expenment 

(days) 



Experiment 1 {EAE and SFV-A?) 
PBS 4-14 
IgG2a control ' 4-14 
anti-ICAM- 1 4-14 


6/10 
5/9 " 
2/10 


1 4.0 ±0.6 
13.6 ±0.4 
14.5 ± 0.5 


25 
25 
25 


Experiment 2 (EAE and SFV-A7) 
PBS 4-14 
IgG2b control * 4-14 
anti-Vl^-4 4-14 


6/10 
5/10 
l/IO 


14.0 ±0.8 
15.8 ± 0.6 
14.0 ± 0 


25 
25 
25 


Experiment 3 (EAE and SFV-A 7) 
PBS 4-14 
IgG 2b control 4-14 
anti-Mac- 1 4-14 


6/10 
5/10 
6/10 


14.0 ±0.8 
15.6 ±0.4 
14.8 ± 0.5 


25 
25 
25 


Experiment 4 (EAE without SFV-A?) 
IgG2a control 4-18 
anti-ICAM- 1 4-18 
anti-VLA-4 4-18 


2/10 
I/IO 
0/10 


26.0 ±0 
25.0 ±0 


30 
30 


Experiment 5 (EAE and SFV-A7. histology) " 
IgG2a control 4-14 
anti-ICAM- 1 4-14 
anti-VLA-4 4-14 


7/10 
4/10 
I/IO 


14.6 ±0.4 
15.0 ±0-6 
14.0 ±0 


17 
17 
17 



• Rat anti-mouse syndccan mAb was used as isotype-malched control mAb for anti-lCAM-1. 0.1 mg of mAb was injected i.p. every oiher day between 
lime poinu indicated. 

*• Number of mice is 9 instead of 10 because one mouse died immediately after the first mjeclion of mAb. 

' Rat anii-tiKMisc macrophage maricer (F4/80) was used as isotype-matched control mAb for anii-VLA-4 and anti-Mac-l. 

- Four mice in each group were killed for histology on day 15 and two mice in each group wcrr killed for ,mmunoh.stochem.siry on day 17. 
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Five-ftm thick paraffin sections were stained with hema- 
toxylin and eosin. Seciions were scored for inflammaiorv 
infiltrates in a blinded fashion by a neuropathologist on the 
following semiquantitative scale: 0, no inflammator)' cells: 
1, a few cells; 2, moderate, perivascular cuffings; 3, large 
inflammatory cell infiltrates, parenchymal necrosis. 

Immunoperoxidase staining for detection of SFV-A7 
antigens was done on deparaffmized sections with poly- 
clonal rabbit anti-SFV-A7 antibody. Binding of primary 
antibody was demonstrated by the avidin-biotin complex 
(ABC) technique with a Vectastain anti-rabbit antibody kit 
according to the manufacturer's instructions. The color 
reaction was developed with DAB as chromogen. Seciions 
were countersiained with Mayer's hematoxylin. Amount of 
viral antigen was assessed in a blinded fashion by a 
neuropathologist and scored on the following semiquantita- 
tive scale: 0. no staining; I. staining confined to vascular 
endothelium; 2, staining perivascularly; 3, staining perivas- 
cularly and in the CNS parenchyma. 

In addition, two mice in each group (Table 1, Experi- 
ment 5) were killed and proces.sed for immunohistochem- 
istry at day 17 after immunization. Mice were extensively 
perfused with PBS under anesthesia. The brains and spinal 
cords were then removed and rapidly frozen in Tissue Tek 
(Miles. Naperville, IL) by immersion in liquid nitrogen. 
The blocks were stored at -TO^C until use. Six-Mm thick 
frozen sections were cut on a cryotome. mounted on 
organosiliconized slides (Maples, 1985), air-dried, fixed in 
cold acetone for 10 min and preserved at -20°C until use. 
For immunoperoxidase staining with rat mAbs against 
murine LFA-1. Mac-1, VLA-4, ICAM-1 and VCAM-l, 
frozen sections were first incubated for 30 min with non- 
conjugated goat anti-rat IgG to block cross-reaction with 
the mAbs injected in vivo. Primary mAbs were then 
allowed to react overnight at +4°C. Binding of primary 
mAbs was demonstrated with the ABC technique with a 
Vectastain anti-rat antibody staining kit. Color reaction 
was developed with DAB. The sections were counter- 
stained with hematoxylin. To demonstrate whether the 
mAbs injected in vivo had bound to the vascular endolhe- 
lium/infiltrating cells in the CNS, some of the sections in 
every treatment group were reacted with secondary mAb 
only. The number of positively stained cells and their 
staining intensity was evaluated by an experienced neu- 
ropathologist in a blinded fashion and scored on the fol- 
lowing semiquantitative scale: 0, no reactive ells; + . a few 
po.sitive cells/weak staining; ++, moderate; -I- -f- +, 
many positive cells on every section/strong staining inten- 
sity. Approximately 10 sections/mouse were studied. 

2.7. Statistical analysis 

An unpaired Student's /-test was used to evaluate statis- 
tical differences in the developement of EAE between 
mAb-treated mice and control mice. A P value of less 
than 0.05 was taken as statistically significant. 



3. Results 

/. Effect of anti-adhesion receptor therapy on the cUni- 
cal signs of EAE 

The experimental design and summary of results of 
anti-adhesion receptor therapy on the clinical outcome of 
BALB/c EAE are shown in Table 1. 

,11.1. Anti-lCAM-i 

Rat mAb 281.2 (IgGv,, reacting with mouse syndecan 
was chosen as an isotype-matched control mAb for rat 
anti-mouse ICAM-I mAb YN/1.7.4. (IgG^,). YN/I.7.4. 
reacts with and blocks function of ICAM-1. which is a 
member of the immunoglobulin superfamily of adhesion 
receptors and binds to leukocyte iniegrins LFA-I and 
Mac-1 (Springer, 1990). In groups of mice with virus- 
facilitated EAE treated with PBS or anti-syndecan mAb. 
60% of mice developed hind limb paraplegia, whereas 
only 20% of anti-ICAM-1 -treated mice were paralyzed 
(Table 1). The onset of paralysis did not differ between 
treated and control mice, but the difference in the inci- 
dence of EAE between anti-ICAM-1 -treated and control 
mAb-treated mice was statistically significant (P<0.05). 

3.1.2. Anti-Mac'l 

Anti-mouse macrophage marker, mAb F4/80, was cho- 
sen as a control mAb for anti-VLA-4 and anti-Mac- 1 
mAbs, because it is isotype-matched (rat IgGj^) and reacts 
specifically widi mouse macrophages. It precipitates a 
160.000 dalton glycoprotein, the function of which is 
unknown. Clone 5C6 reacts with the j3,-integrin, al.so 
known as type 3 complement receptor CR3 (CD I Ib/Mac- 
1) and inhibits myelomonocytic cell adhesion in vitro and 
inflammatory cell recruitment in vivo. However, it did not 
have any effect on the incidence of virus-facilitated EAE, 
which was 60% in the 5C6-treated and PBS-treated groups 
of mice and 50% in the F4/80- treated group of mice 
(Table I). Compared with PBS, control mAb F4/80 
slightly delayed the onset of EAE and decreased the 
incidence of EAE from 60% to 50%. This was, however, 
stati.stically not significant. Saturation of the mice with 
5C6 mAb was demonstrated by flow cytometry. Serum of 
mice injected with 100 MS or 200 Mg of 5C6 in vivo 
stained a similar 8% population of Mac-I^ cells of all 
spleen mononuclear cells as a dose of 10 ^g/T[\\ of 5C6 
mAb used for staining of the cells in parallel in vitro. An 
in vivo dose of 500 ^g/mou.se was already too high, since 
it decreased the proportion of positive cells to 6%. indicat- 
ing a prozone effect with this dose. Therefore, the ineffi- 
cacy of anti-Mac- 1 treatment in virus-facilitated EAE was 
not due to insufficient antibody administration. 

3.1.3. Anti-VLA-4 

a4^ 1-integrin, also known as very late activation anti- 
gen (VLA-4), is expressed on most leukocytes and medi- 
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ates adhesion to VCAM- 1 and fibronectin (Springer, 1994). 
Treatment with anli-VLA-4 mAb reduced the incidence of 
EAE to 10% in two separate experiments. Compared with 
groups of mice that received either PBS (incidence 60%) 
or isoiype-matched control mAb F4/80 (incidence 50%), 
the differences were stgnincam difference {P < 0.05). 

3 J. 4. EAE without l iral facilitaiian 

Because the IgG^i, control mAb F4/80 had an attenuat- 
ing tendency in the virus-facilitated model of EAE, anti- 
syndecan mAb (IgGj,, was used as a control mAb both for 
anli-ICAM-1 (IgG^,) and anii-VLA-4 (IgGj^) mAbs in an 
in vivo treatment experiment of BALB/c EAE without 
viral facilitation. In anli-syndecan mAb-lreated group, 2 
out of 10 mice developed paralysis on day 26, and in 
anti-lCAM-1 -treated group, 1 out of 10 mice on day 25, 
whereas all anii-VLA-4-treated mice remained clinically 
healthy. The differences were not significant. Anti-Mac- 1 
therapy was not studied in EAE without viral facilitation. 

3,2. Histopathological signs of EAE and detection of virus 
antigen in anti-ICAM- 1 -treated, anti-VlA-A-tretated and 
control mice 

Histopathological analysis was performed in anti- 
ICAM-1 -treated and anti-VLA-4-treated mice to study 
whether treatment reduced inflammatory changes in the 
CNS and whether it had an effect on the amount of vims 
antigen expression in the brain. As a control, mice treated 
with control mAb were analyzed. Histology was not per- 
formed in anti-Mac- 1 treated mice, because this mAb had 
no therapeutic effect in the clinical experiment. 

i.2.7. Control 

Mice in the control mAb (anti-syndecan)-treated group 
had moderate mononuclear cell infiltrations in the white 
matter of the spinal cord, brain stem, cerebellum and 
thalamus with perivascular cuffing (Fig. I A and B). In 1 of 
4 mice there were two small hemorrhages on I of 10 
sections studied. There were no macroscopically detectable 
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hemorrhagic lesions. The clinical >core of all four 
hisiopathologically analyzed control mice was 3 (hind limb 
paraplegia). 

3.2.2. Anti-ICAM J 

In mice treated with anti-ICAM-l mAbs. the CNS 
inflammatory changes were moderate in 1 of 4 mice and 
mild in 3 of 4 mice. The mean clinical score was 1.4. A 
striking feature was the presence of numerous small pe- 
techial hemorrhages throughout the CNS in every mouse. 
The lesions were macroscopically visible when inspecting 
the brain and spinal cord tissue. In hemaioxylin-eosin- 
stained sections, endothelial damage and leakage of ery- 
throcytes into the CNS parenchyma were seen (Fig. IC 
and D). There were no macroscopically or microscopically 
detectable hemorrhages in anii-ICAM-i -treated uninfected, 
unimmunized age- and sex-matched control mice (data not 
shown). 

3.2.3. Anti-VlA-4 

Anti-VLA-4 treatment did not completely block the 
inflammatory response in the CNS of the treated mice, but 
the inflammatory changes were fewer and milder than in 
the control mAb-treated mice (Fig. IE and F) and they 
were mostly confined to the meninges. In 2 out of 4 mice 
only minimal meningeal lesions in the spinal cord were 
detected and the brains were totally devoid of inflamma- 
tory cells. There were no hemorrhagic lesions in the CNS. 

3.2.4. Virus antigen 

In immunostaining for vims antigen, perivascular foci 
of infected neurons were detected in the spinal cord, 
cerebellum and cerebral hemispheres in all treated and 
control mice. In 3 out of 4 mice in all groups there was 
also staining in the CNS parenchyma (Fig. IG and H). The 
amount of viral antigen did not differ significantly between 
the treatment groups. 

Summary of histological findings in anti-ICAM-l- and 
anti-VLA-4-treated mice and control mice are presented in 
Table 2. 



JrTnlmmatory changes and amo unt of viral antigen in the CNS of mAb>treaied mice with EAE and SFV-A7 infeciion (day 15) 

Number of mice Treatmeni Clinical score Histological score ' Amount of viral amigen Hemorrhagic CNS lesions^ 

spinal cord brain spinal cord brain 



4 lgG2a control mAb 3.0 ± 0 1.8 ±0.2 2.0 ±0.3 2.8 ± 0.3 2.8 ± 0.3 1/4 

4 anti-ICAM-l mAb l.4±0.4 l.0±0 I.4±0.2 2.8±0.3 2.5±0.3 4/4 

4 anti-VL A-4 mAb 1.0 ±0 0.8 ± 0.3 0.6 ± 0.2 2.5 ± 0.3 2.5 ±0.3 0/4 

• Inflammatory cells were identified on hcmaioxylin-eosin-siained paraffin sections and scored on ihe following scmiquaiitative scale: 0. no innammator>' 
cells; I. a few cells: 2. moderate, periva.«:ular cuffings; 3, large infiltraics and parenchymal necrotic changes. Values are mean ± S.E.M of histological 
scores of four mice. 

" Amoum of viral amigen wa-s quaniitaied on the following semiquaniiiative scale: 1. staining confined to va-scular endothelium: 2. slainmg penviwrularly: 
3. staining periva.scularly and in the CNS parenchyma. Values represent mean ± S.E.M. of four mice. 

' Number of mice showing hemorrhagic CNS lesions on bematoxylin-eosin-staincd sections of the four mice mice studied is shown. 
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Tabic ^ 

Effect oi" anti-adhesion receptor therapy on the expression 


of adhesion molecules and vascular hgands in 


the CNS of mice with 


vinis-facilitiiied EaE * 


Treiilintrni 


Clinical score 


1CAM-ICD54 VCAM-ICD106 


1 FA 1 m 1 1 M 


Mac-l CDllb 


VLA-4 CD49d 


Control mAb ^ 


3 


+ + 


+ + + 


-1- 4- 


+ + + 


+ + 


Cuncrol mAb 


3 


+ + 


+ + + 


+ + 


+ + + 


+ 


Anti-ICAM-I mAb 


2 


+ + 


+ + + 


+ + 


+ + + 


+ 


Ami-ICAM-I mAb 


2 


+ + 


+ + + 


+ + 


+ + + 


+ 


Anti VLA-'t mAb 


1 


+ 


+ 


+ 


+ + + 


0 


Anti-VLA-4 mAb 


1 


+ + 


+ + 


+ + 


+ + + 


+ 



• Two mice in each treatment group were killed at the height of the clinical symptoms (EAE day 17). Immunohistochcmical staining of frozen sections »f 
spinal cord cerebellum and cerebral hemispheres was done as described in Section 2.6. The number of reactive cells and their stammg mtens.ty wiis 
evaluated by a neuropathologist in a blinded fashion using the following semiquantitative scale: 0. no reactive cells: +. a few positive cells, weak sta.n.ng: 
+ * reactive cells on every section, moderate staining intensity; + + + . many positive cells on every section/strong .staimng iniens.ly. Circa 10 
.sect ions/ mouse were studied. 
" Ami-syndecan mAb (281.2) was used as a control. 



3.3. Immunohistochemical findings in anti-ICAM- 1 -treated. 
anti-VLA-4-treated and control mice 

Immunohistochemical analysi.s was done lo demonstrate 
saturation of mice with the mAbs injected in vivo and to 
evaluate the expression of immunologically relevant adhe- 
sion molecule/ligand pairs ICAM-l/LFA-l or Mac-l and 
VCAM/ VLA-4 in treated and control mice. Anti-Mac- 1 - 
treated mice were not analyzed due to lack of therapeutic 
effect with this mAb. 

In EAE mice treated with anti-ICAM- 1 mAb, staining 
with secondary antibody alone showed that the mAb against 
ICAM-1 administered in vivo had bound to the CNS 
vascular endothelium (Fig. 2A and B). The mice received 
the last injection of mAb 3 days before being killed for 
immunohistochemical analysis, indicating that the dosage 
regimen used (0. 1 mg every other day between days 4 and 
14) was saturating. In mice treated with anti-syndecan 
mAb (Fig. 2C) or anli-VLA-4 mAb, no reactivity could be 
seen with secondary mAb alone, because CNS endothelial 
cells do not express these antigens and the mAbs appar- 
ently do not cross the BBB. 

Compared with the low basal level of ICAM-1 expres- 
sion in normal BALB /c mouse brain, all the treated and 
control mice had induction of ICAM-1 on CNS vessels 
and infiltrating mononuclear cells. Expression of ICAM-1 
was more diffuse than the virus antigen staining. Level of 
lCAM-1 expression was estimated to be moderate in the 



control mAb-treated and in the ICAM-1 mAb-treated mice. 
In the VLA-4 group. lCAM-1 staining was weak in one 
and moderate in the other of the two mice processed for 
immunohistochemistry. 

The ligands for ICAM-l, i.e. lymphocyte function asso- 
ciated antigen-1, LFA-1 (CDlla) and Mac-l (CDllb), 
were expressed in the CNS of all the treated and control 
mice. Mac-1^ cells were more numerous than LFA-1 ^ 
cell with many positive cells and strong staining intensity 
in all the mice. A moderate number of LFA-1 cells were 
detected both in anti-ICAM- 1 -treated and control mice and 
few to moderate in anti-VLA-4-treated mice. LFA-1 ^ cells 
were mostly confined to perivascular cuffmgs. whereas 
Mac-l * cells were diffusely distributed in the white matter 
of the spinal cord, cerebellum, brain stem and cerebral 
hemispheres. 

Strikingly strong expression of VCAM-1 was detected 
in the control mAb-treated and anti-ICAM- 1 mAb-treated 
mice. VCAM-1 was expressed in the vascular endothelium 
diffusely throughout the CNS showing clear predilection to 
the white matter. In the most strongly positive areas in the 
cerebellar, brain stem and spinal cord white matter, all 
vessels were intensely immunoreactive with VCAM-1 (Fig. 
2D). Also the luminal surface of the ependymal cells lining 
the cerebral ventricles strongly expressed VCAM-l. In 
contrast, mice treated with anti-VLA-4 mAb had only 
weak to moderate expression of VCAM-1 in the CNS 
white matter (Fig. 2E). 



Fig. I. Histological analysis of CNS innammation in BALB/c mice with virus-facililalcd EAE treated with control mAb (ami-syndecan). mAb against 
lCAM-1 or mAb against VLA-4. Mice were killed at the height of the clinical symptoms (on day 15) and the parafTm-embedded CNS sections were 
stained with hematoxylin and eosin. (A and B) A typical perivascular cuffing (arrows in A and the area marked with open arrow in B) in cercbml 
hemi.sphere in a clinically paralyzed mouse treated with control mAb. (C and D) Hemorrhagic cerebral lesions (arrows) in the region of nucleus caudatus in 
a mouse treated with anli-ICAM-1 mAb. Area indicated with open arrow is shown at higher magnification in (D). where numerous extrava.scular red blood 
cells arc noted (arrows). IE and F) Maximal inflammatory infiltrate in the hippocampus of a mouse treated with anti-VLA-4 mAb. Note that in (E). the 
obvious perivascular inflammatory cells are located only around one vessel (shown by higher magnification in (F)). while the other two vessels in (E) 
appear to be normal. (G and H) Dciection of Semliki Forest vims antigens by immunoperoxida.se staining with rabbit polyclonal anti-SFV-A7 antiserum in 
the cerebellum of an EAE mouse treated with control mAb (EAE day 15, 7 days after i.p. infection with SFV-A7). White matter is indicated with an 
asterisk and molecular cell layer with a star. Purkinje cells cell bodies (curved arrow) were strongly positive, as well as the dendrites. Bar in (A) repre.sents 
O.A mm in (A). 30 >n (B) and (F). 0.7 mm in (C). 35 ^m in (D). 70 ttm in (E). 0.8 mm in (G) and 150 ttm in (H). 
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Fig 2 Immunohistochemical analysis of BALB/c mice with vinis-facilitalcd EAE (day 17) ircaicd wiih control mAb or mAbs against ICAM- 1 or VLA-4. 
Immunopcroxidase staining on frozen CNS sections was done using the ABC-tcchnique. (A and B) Brain stem Miction of a mouse treated with 
ami-lCAM-1 mAbs stained with secondary antibody only to demonstrate binding of the in vivo injected mAb to brain vessels. (C) No siaming in a bram 
siem section of an anii-syiKlecan mAb-trcated mouse reacted with secondary antibody only since syndecan is not expressed on brain endothelial cells. (D) 
Strongly Induced expression of VCAM-I on cerebral vessels in a mouse treated with control mAb. (E) Weak suining with with anii-VCAM-l mAb on 
spinal cord vessels in an anti-VLA-4-trcaied mouse. (F) VLA-4* cells in cerebral while matter in a mouse created with control mAb. (G) VLA^ + ccl.s 
were absent or few in the cerebral white matter of anti-VLA-A-treaicd mice. Vcs.scls are marked by arrows. Bar in (A) represents 30 tim m (A). (B). (D) 
and (G), 35 tim in (C) and (E) and 25 ^im in (F). 



weakly stained cells were identified in the other VLA-4- 
treated mouse (Fig. 2G). 

Summary of the immunohistochemical findings are pre- 
sented in Table 3. 



4, Discussion 

We have shown previously that infection of mice with 
Semliki Forest virus leads lo BBB damage and increased 
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expression of ICAM-I on brain endothelial cells. This and 
our work in EAE have led to a hypothesis that facilitated 
entry of leukocytes into the CNS is a major mechanism 
contributing to facilitation of EAE in the BALB/c mouse 
by SFV-A7 infection (Soilu-Hanninen et al.. 1994; Eralinna 
et aL. 1994, 1996). The aim of the present study was to 
investigate further whether the viral facilitation of EAE is 
due to a direct effect of virus in the CNS or caused by the 
accompanying immune response. The other goal was to 
determine whether immunotherapy with antibodies against 
leukocyte and endothelial cell adhesion molecules would 
be safe and effective in suppressing virus-facilitated EAE. 

Upregulation of ICAM-1 expression on brain vascula- 
ture has been demonstrated to closely correlate with relaps- 
ing autoimmune demyelination in the CNS (Cannetia et 
al.. 1990). However, the functional role of ICAM- 1 -depen- 
dent pathway in CNS inflammatory processes is still un- 
clear. A study examining the role of ICAM-1 in the 
pathogenesis of EAE and TNFa-induced CNS inflamma- 
tion suggested that the rat homolog of ICAM-1 is not 
critically involved in the effector pha.se of CNS inlamma- 
tion, but may be important in the initial generation of 
effector cells (Willenborg et al.. 1993). This was supported 
by another study demonstrating an effect with anli-ICAM-1 
treatment in actively induced, but not in passive transfer 
EAE in rats (Archelos et al., 1993). The authors of the 
latter paper reported spleen necrosis as a surprising side 
effect of anti-ICAM-I treatment. 

In our virus-facilitated model of actively induced EAE. 
immunotherapy with a rat anti-mou.se ICAM-1 mAb (IgG,^ 
subclass) was partially effective against the clinical and 
histopathological signs of EAE. A striking finding in the 
anti-ICAM-I -treated EAE mice was presence of hemor- 
rhagic CNS lesions not observed in mice treated with 
isotype- matched control mAb or three other mAbs (IgG^h 
subclass) u-sed in the study. The in vivo injected anti- 
ICAM-I mAb was demonstrated to bind to ICAM-1 in- 
duced on the CNS endothelium. The formed immunocom- 
plexes may have activated the classical pathway of com- 
plement leading to complement-mediated endothelial cell 
lysis. This is supported by lack of hemorrhages in anli- 
ICAM-1 treated uninfected and unimmunized control mice, 
which have undetectable or very low levels of ICAM-1 on 
brain vessels. The same anti-iCAM-1 mAb (clone 
YN/ 1.7.4) has previously been shown to markedly delay 
the onset of adoptively transferred EAE in PL/J mice 
(Baron el al.. 1993). No side effects were reported in thai 
study, but histopathological examination of the CNS was 
apparently not done. Our findings suggest that unexpected 
side effects may occur when anti-adhesion therapy affect- 
ing the immune system is applied, which indicates careful 
safety monitoring and may even preclude application to 
human use. 

The same antibody against the type 3 complement 
receptor. CR3 (Mac- 1 /CD 1 lb. clone 5C6), that we used 
in this study, has previously been .shown to block 



myelomonocylic cell recruitment and extravasation to sites 
of infiammation (Rosen el al.. 1989). inhibii autoimmune 
diabetes in NOD mice (Mulchings et al.. 1990) and delay 
the onset and diminish the severity of adoptively trans- 
ferred EAE in PL/J mice (Gordon et al., 199?). However, 
it did not have any effect on the virus-facilitated model of 
EAE. although cells expressing the Mac- 1 receptor are the 
most numerous cell type in the CNS inflammatory cell 
infiltrates in this EAE model. This may indicate, that these 
cells are not macrophages derived from the circulating 
monocyte population, but repre.sent the activated form of 
resident li.ssue macrophages/microglial cells. Ahema- 
tively. monocytes could utilize the LFA-l/ICAM-l or 
VLA-4/VCAM-1 pathways for endothelial adhesion and 
VLA-4 binding to VCAM-I or homophilic interaction of 
platelet /endothelial cell adhesion molecule (PECAM. 
CD31) for iransendothelial migration into the CNS. when 
the Mac- 1 receptors are blocked (Luscinscas et al.. 1994: 
Meerschaen and Furie, 1995; Muller. 1995). 

Strong evidence from adoptive transfer models of EAE 
support a critical role for the VLA-4/ VCAM-I pathway in 
leukocyte migration into inflamed CNS (Yednock et al.. 
1992; Baron et al., 1993). In this paper we .show that 
anii-VLA-4 therapy is effective, also in our virus-facili- 
tated model of EAE. The amount of virus antigen in the 
brain was not altered by the treatment. The results confirm 
our earlier hypothesis that facilitation of leukocyte entry 
into the CNS is a major mechanism for facilitation of EAE 
in the BALB/c mouse by SFV-A7 infection. 

Upregulation of VLA-4 on spleen T-cells during lym- 
phocytic choriomeningitis virus infection has been shown 
to be important for effector T-cell infiux into the cere- 
brospinal fiuid (Andersson et al., 1994). The same group 
showed later, that the virus-activated T-cells entering the 
brain are crucially important in regulating the expression 
of ICAM- 1 and VCAM-1 on brain vessels (Marker et al.. 
1995). One putative mechanism of action of ami- VLA-4 
therapy in our model is inhibition of the ennry of the virus 
specific T-cells into the CNS and prevention of priming of 
the CNS endothelium by them. This is .supported by the 
immunohistochemical data that showed decreased expres- 
sion of ICAM-1 and VCAM-I in the CNS of the anti- 
VLA-4-treaied mice compared with control mAb-treated 
mice. Inhibition of VLA-4-positive virus-specific cytotoxic 
T-cells from entering into the brain could also prevent the 
CD8^ T-cell-mediated destruction of virus-infected oligo- 
dendrocytes and thus prevent lesions of demyelination 
caused by SFV-A7, like in vivo depletion of CDS ' T-cells 
does (Subak-Sharpe et al., 1993). 

A high level of VLA-4 expression is also a feature of 
MBP-specific encephalitogenic T-cells and correlates with 
their capacity to induce EAE (Baron et al.. 1993). We have 
eariier confinmed that sensitization to CNS antigens is a 
prerequisite for development of EAE in BALB/c mice by 
showing that a protocol combining irradiation and immu- 
nization with Freund's adjuvant alone followed by pertu.s- 
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sis toxin injeclions does not lead to disetise (Eriilinna el al.. 

1994) . Therefore, the efficacy of ami-VLA-4 therapy in 
virus-facilitated EAE could also be explained by blockade 
of the entry of the encephaliiogenic, CNS-antigen specific 
T-cells into the CNS in addition to inhibition of the 
migration of the virus-specific T-ceils into the brain. 

The findings of this work may have implications for 
treatment/prevention of MS relapses triggered by viral 
infections. The mechanisms behind exacerbations of MS 
are not known. However, activation of autoreactive T-cells 
in the periphery is probably involved, since only activated 
T-cells can cross the BBB to initiate a local immune 
response in the CNS (Wekerle et al., 1986). Viral mimicry 
peptides can activate human T-cell clones specific for 
myelin basic protein (Wucherpfennig and Strominger. 

1995) , which can lead to entry of these cells into the CNS. 
Vascular endothelium of the CNS is then primed by these 
activated cells and further influx of inflammatory cells into 
the CNS compartment follows. Since all potent therapies 
intervening with the function of the immune system may 
have harmful side effects, a therapy that could be initiated 
on demand and discontinued after a short period would be 
more favourable than continuous therapy. It was recently 
shown, that circulating lCAM-1 is an early and sensitive 
marker for virus-induced T-cell activation (Christensen et 
al., 1995). Patients at risk of developing a relap.se in 
association with a viral infection could be identified by 
this method. Treatment with effective therapy could then 
be initiated and continued past the period at risk. This 
therapy could be e.g. anti-VLA-4 mAb to block the entry 
of activated T-cells into the CNS. 
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Herpesviruses in Multiple Sclerosis 



IN THIS issue of the Archives, Sanders ei al' re- 
port on ihe presence of herpes simplex virus 
(HSV) 1 and 2 in 46% of postmortem brain tis- 
sue samples from patients ^yith multiple scle- 
rosis and in 28% of samples from control cases. 
In the August 1995 issue of the Proceedings of the Na- 
tional Academy of Science, Challoner el al^ report on the 
presence of human herpesvirus 6 (HHV-6) in brain 
samples from patients with MS. These two articles rep- 
resent the latest among many reports of viruses de- 
tected in MS brain by culture, hybridization techniques, 
or immunocytochemical methods. Are these simply ob- 
servations on the normal viral flora found in the brain, 
perhaps enhanced in the MS brains by the use of immu- 
nosuppressive agents and steroids? While the observa- 
tions on HHV-6 have been met with underwhelming en- 
thusiasm, there are a number of reasons why such 
observations deserve careful examination. 

See also page 125 

Human herpesvirus 6 is transmitted by a respira- 
tory route and is the agent that causes exanthem subi- 
tum, or roseola infantum. Herpes simplex virus 1 is a 
common infection that usually causes pharyngitis ini- 
tially and then produces recurrent herpes febrilis, 
commonly referred to as fever blisters or cold sores. 
Herpes simplex virus 2 is a common sexually trans- 
mitted genital infection with virus latency in the sacral 
ganglia. There are a variety of reasons why the herpes- 
viruses, and particularly HHV-6, are worthy of further 
investigation to clarify their relationship to MS: 

1. The method of detecting HHV-6 using poly- 
merase chain reaction and representational difference 
analysis techniques was not previously available to 
pick up foreign, ie, non-human DNA, in MS brains. 
Presumably, HHV-6 was present in much larger 
amounts than HSV-1 or HSV-2, since it was the one 
most readily detected. 

2. Although Challoner et aP found virus in 78% of 
MS brains and in 74% of control brains, they demon- 
strated that the virus was present hot only in MS 
plaques but also in neurons and especially in oligoden- 
drocytes in plaques. The virus was found much less fre- 
quently in normal-appearing white matter. Staining of 
oligodendrocytes was detected in 12 of 15 MS cases and 
in none of 45 control cases, even though virus was fre- 
quently detected in the brains of control cases. Thus, 
the virus is present not only in the plaques but in the 
relevant cells. 



3. Most, if not all, herpesviruses are latent in 
nervous tissue and, when latent, cannot be structurally 
identified, so they would not be likely to be found on elec- 
tron microscopy. 

4. Herpesvirus activation and MS exacerbations are 
both known to be precipitated by other viral infections. 

5. A number of herpesviruses are known to cause 
demyelinaiion. 

6. Herpesviruses are transported within axons and 
are spread, in part, by axonal transport. This could eas- 
ily account for the patchy involvement of the nervous sys- 
tem. 

7. Finally, and perhaps a bit fancifully, many child- 
hood infections, including measles, chicken pox, and 
HSV-1, cause an infrequent chronic or recurrent viral in- 
fection that affects the central nervous system as a se- 
quel to the primary illness. Since HHV-6 causes roseola, 
this would be analogous to other chronic sequelae of child- 
hood exanthems, such as subacute sclerosing panen- 
cephalitis and progressive rubella panencephalitis, 
shingles, and recurrent cutaneous herpes, which is ac- 
companied by a ganglionitis. 

The apphcation of these new techniques to the dis- 
covery of obscure latent viruses that may periodically re- 
activate will undoubtedly lead to an improved under- 
standing of the interaction of viruses with their hosts and 
their role in various disease processes. The work of Sand- 
ers et aP and of Challoner et aP does not establish HHV-6 
or herpesviruses as the cause of MS. Koch's postulates 
have not been fulfilled, but given the species specificity 
of viruses, as with a number of other diseases, it may never 
be possible to fulfill them. Nevertheless, the observa- 
tions are important. Activation of the virus in the cen- 
tral nervous system, by causing expression of type 11 his- 
tocompatibility antigens and disruption of the blood- 
brain barrier, could easily trigger an autoimmune response 
leading to a new attack of demyelination. If this occurs, 
antiviral agents might be effective in reducing the num- 
ber of MS attacks. 

There are possible alternative explanations for the 
increased incidence of both HSV and HHV-6 in MS 
brains, such as the relative immunosuppression seen 
with repeated steroid treatment and the use of other im- 
munosuppressive agents that allow overgrowth of a 
pathogen normally present in brain. Since herpesvi- 
ruses are frequently found in macrophages, the inflam- 
matory response could itself be responsible. On the 
other hand, the presence of herpesviruses in the lesions 
would be expected, at the very least, to aggravate the in- 
flammatory response and to increase the damage. Ex- 
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amination of ihe brains of patients with other innam- 
matory diseases of the central nerN'ous system might 
help to clarify this issue. 

While the possible involvement of herpesviruses 
has been suggested previously," several outcomes can 
be anticipated from the recent obserN'ations discussed 
herein, eg, trials of drugs that are effective against her- 
pesviruses, such as acyclovir, and even some of the 
more toxic ones, such as ganciclo^^r and foscarnel so- 
dium. In fact, Lyke et al^ described a pilot tria of ac)- 
clovir involving 30 patients, the results of which 
showed a 30% lower attack rate in the treated Patients, 
however because of the small size of the group this did 
not reach statistical significance. An effort to develop a 
vaccine for roseola can also be anticipated. Additional 
polymerase chain reaction studies with identification o 
other viruses in other diseases may be expected and wil 
present similar problems in interpretation. Some ol 
those identified will undoubtedly be unrelated to the 
disease in question, since we all carry a number of vi- 
ruses Nevertheless, HHV-6 should be regarded as more 
than just another virus of the month in MS, and the re- 



lationship of herpesviruses to MS is deser^'ing of serious 
further investigation. 

Robert M. Hemdon, MD 
Portland, Ore 
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Immunopathogenic Role of T-Cell Subsets in Borna Disease 
Virus-Induced Progressive Encephalitis 

OLIVER PLANZ.' THOMAS BILZERr and LOTHAR STITZ'* 
Institui fiir Kro/o^'/>. Jusius-Liebi^'Universitai, Giessen.' and inst'ttui jTir Neuropathoiov^ic, 
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Horna disease is an imnuinopaiholo;:ical virus-induced encephalopatliy comprising SLVt rt- intlamnialion and 
dej^enerative hrain cell lesions which results in oryan atrophy and chronic dehiliiy in rais. Cl)4"^ and CD«^ 
1' cells have heen reported to he involved in the development of this disease oCthe central nervous system. A 
virus-specific homogeneous T-cell line, established in vitro after iinniuni/alion of rats with the recombinant 
24-kUa virus-specihc protein, showed antijien-specitic pndiferaiion in the presence of the 24-kna hut not the 
38-kl)a Borna disease virus-specific protein, another major virus-specific antif-en. This l -cell line. I'205, was 
found to exhibit characteristics of a T-helper cell: CI)4"^ CDS" IL-2" IL-4" IL-ltr. Further- 

more, this T-cell line expressed the a/(i T-cel! receptor and the «4 inte^rin (VLA-4). Adoptive transfer of this 
helper cell resulted in an increase of antibody titers and two dillerent types of disease in virus- infected rats 
after cjclophosphamide-induced immunosuppression, (i) Rats receivinjj; T cells between 10 and 18 days alter 
treatment with cyclophosphamide showed an acute lyniplio proliferative disease in the j-ut and Uinys within 9 
days after adoptive transfer and died, (ii) Passive transfer within the first 5 days after imnninosuppressive 
treatment resulted in typical Borna disease associated with neuroloj^ical symptimis such as ataxia and paresis 
startiny 14 to 16 days after transfer. Immunohistological analysis of the brains of rats with Borna disease 
uniformly revealed the presence of CD«"^ T cells in encephalitic lesions in addititm to Cl)4^ cells that were 
found in the brains of recipients of the virus-specific CD4^ T-cell line, irrespective of whether neurological 
symptoms developed or not. However, recipient rats treated with antibodies ajjainsi CDJi^ T cells developed 
neither encephalitis nor disease. Therefore, Cl)4^ T cells appear to accumulate in the brain and cause 
perivascular inHammatory lesions which alone obviously do not cause di.sease. In contrast, the presence of 
Cl)8^ cells apparently directly correlates with the development of neurolo;;ical symptoms. 



After infection of rats with Borna disease virus (BDV), a 
single-stranded RNA virus (9, 14), a central nemuis .sysieni 
disease develops that finally results in brain atrophy and 
chronic debility (7, 8, 23, 32). The virus, which is tightly cell 
associated, lacks apparent cyiopalhogeniciiy in vitro (20), and 
there is only circumstantial evidence of in vivo cytopathoge- 
nicity (11). The virus replicates preferentially in cells derived 
from the neural crest such as neurons, astrocytes, antl ependy- 
mai cells (II, 12, 15, 32); however, evidence of infection and an 
inrtammaloi'y response in the peripheial and autonomic ner- 
vous .system has also recently been demonstrated (10, 12). The 
di.sease hiis heen shown to be based on an inimunopalhological 
reaction (reviewed in reference 44) in which the cellular im- 
mune response, but not an antibody-mediated reaction to vi- 
rus-specific antigens, results in severe encephalitis (21. 32. 48). 

The original finding that CD4"*' T cells play ;i role in the 
development of the encephalitis was based on experiments 
with a CD4^ T-cell line specific for a 38- to 39-kOa virus- 
specific protein (38, 39). This T-ccU line showed some notable 
characteristics: adoptive transfer into cyclophosphamide (CY)- 
treated recipients between days 10 and 15 after immunosup- 
pression resulted in death, or animals had to be killed in a 
moribund condition as early as 5 to 10 days after receiving the 
T cells. Furthermore, this cell line was found to lyse virus- 
infected target cells in vitro in a major histocompatibility com- 
plex (MHO) class ll-restricted munner (37). More recent stud- 
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ICS have revenled the involvement of CD8 * T cells in Borna 
disease (BD) in rats (8, 35. 46, 47). 

In the present report, we pre.seni for the first time the com- 
plete phenotypical and biological characterization of a BDV- 
specific CD4 ^ T-cell line. The adoptive transfer of this 24 kDa 
protein-specific T cell line into virus-infected, CY-treated re- 
cipients resulted either in neurologic:il di.sease with BD symp- 
toms or in rapid dc:iih. dependeni on whether the transfer 
occurred early or laic after inlcclioii and immunosuppression, 
respeclively. Rats that were ire:iied with monoclonal antibod- 
ies (iMAb) against CDS * cells :ind received the 24-kDa BDV 
protein-specific CD4 * T-ce!l line did nt)t show any clinical 
symptoms. These results support the view that both CD4^ and 
CDS * T cells are operative in ihc patliogenic mechanism of 
BD and provitle evidence th;ii CD8 * T cells are indispen.sable 
for BDV-induced immunopathology in the brain. 

MA I FRIAI.S AND MF/I HODS 

Virii.s and f.v|KTimi'iital miiinals. fJicsscii strain llc/StI of BDV was used 
throughimt all stuilicii. Five-week-old rciiuilc l.ewis ruts were (ibiained from the 
Zeiitralinstiiut tTir Vcrsuehsliemichl, H:inri<ivcr. Oeiiii:my, ;ind inoculated in- 
iraccrclirally in ilic left hcniispiicii; witli 3 X It)^ 5<y/r tissue cuUurc-infcctivc 
doses ot HDV. 

I'nipajiatiiMi ol the T-iell line, l-owis r:iis (S to Hi weeks old) were immunized 
with 50 fit; of a tcamthinanl liDV-speeitic 24-klJa aiiii^en (r24kd; ictercnce 53) 
(kindly provided by H. Niemann. 'ITihinjien. (ierm.iny) imo hotli hind footpads. 
Twelve d.'iys laicr. ihe animals were aiiesihenyeil and |Kiplileal lymph nodes were 
eollccied. Lymph nodes were mixed, .ind lymphoaies were separated by Lym- 
photyie k (Cedarlane. Hornsby. Onlann. Cjmiiila) uradicni eenirifugation. In a 
secondar>- m vitro i esiiiniibiion, 5 ^ Kl^ eelK were eiiliured in the presence of 
3(1 M-g ol llie r24kd antii;eti per ml loiieilier witli the s;inic number of irradiated 
svniienctc tliymuc>lcs. Therearici-. 5 X l(P lymphiteyics were rcsiimulaicd again 
with 5 X l(C"irr:idiaied syngeneic (liyniot\les and .^H (ii; of the r24kd antigen per 
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mi lor 4 ihiy.s. rin;illy. the lymphtii.Tic>" wltc culiurcd wiih IlKf intcrlcitkin 2 
(1 1.-2} .su|x:rnaiMiiiH:ii[U:iinin^ medium liir 5 ft diiys lx-1nrL- Itirihcr rcsiimula- 
liiHi wilh ii ipcctliL' uiiligcii Mild synticiiLic lhymiH.yn.'.s. l<)IU>\s'cit hy cutliv.ilittn 
again in the prcscnci; ol IL-2, A ltnV-.s)K'ciltf anlij;i;n alsn piirilicd Irnm ihc 
hrjin> iil inlccied nii,s hy iilliniiy chrumatoyraphy hy cmpltiyiii!; MAh (52) k-- 
VL'alinfi ihc 3S- and 24-kl)a pnilumN, 

Clinical evaluation. All uxpcrimciiial animals were examined daily and 
weighed, and disease sympinms were seiired hy two independent nhserwrs i»n an 
arhiirary scale nI O to ? based on the general state of health and the appearant-c 
ol" neurologic .symptoms (scores; I, slight uneiMirdination and (eartuinL'-Vi; 2. 
distinct ataxia or slight paresis: 3. paresis or paralysis), liikiy weight on the day 
of infection \s~is dcfmed as IIH)%, and the percentage of weight change w-as 
c:ilcutatcd. 

I'rulifmitiun assay. T cells (5 X lit*) were cultured in the presence o( 5 X Id' 
irradiated syngeneic thymocytes and in (he presence ol .HI ^g of the r24kd or 
r.lSkd (provided hy W. I. Lipkin. Ir\ine. Calil.) lt!)V->peeilie protein per ml. 
inlhien/a virus hemagglutinin, or ^-aeeinia virus proteins or without antigen in 
llai Niitom 'Jfi-well microliter plates lor f»(l h. Thereafter. 0.2 p.Ci of pi 1 [thymi- 
dine per well was added and alter an additional 12 h the cells were collected and 
pl IJlhymidine incnrptiralion w-as measured. 

Knerse tran.scription-l'CK analysis of lyin|»hokinf niKNA k-vi-ls. For reverse 
transcription-rCk. total cellular KNA \i-;is isolated alter CsCI gradient ceiiiril- 
ugation from 1(1'' cells of the r24kd- specific 'I'-cell line and from sevenil clones 
derived from this line. Magnetic bead.s (I )yiiaheads: Dianova, (lanihurg, Cicr- 
many) were used to separate the mkNA fnmi the tola! cellular UNA as dc- 
.scribed by the manufacturer, RNA was rever.se tran.seribed by using an oligo(dT) 
primer and murine leukemia virus reverse transcriptase behire resusix;nsion to a 
linal volume of 20 m-1- Keverse tran.scribed mllNA was ainplilted in a lOO-jii 
reaction volume containing 100 ng of each oligonucleotide primer per jj.1; 10 mM 
each dATP, d lTl'. dGTP. and dCTl* (I'harmacia, Freiburg, Germany); and 10 \x.\ 
of a lOX buUer conlaining 5(H) mM KCI. 250 mM Tris-UCI (pil S..!). 100 mM 
MgCl-,, and 5 U ol ampti-Taq DNA polymerase (Amersham) per (il. The reac- 
tion was performed in a liiotnelra ihcrmtKycler for :15 cycles iif 'J.^'C lor 1 min, 
(o''C for 2 min. and 72°C for .1 min with oligomers that amplify segments of 410 
(IL-2). 37S (IL-4). t>Mf (lL-f>). 2S4 (IL-KI), 4 13 (gamma inlcrle'ronlll-N-^l), and 
f){)7 (p-aclin) hp. Ten microliters was loaded onto a 2% agarose minigel and 
visualized by ethidium brttmiile staining, 

Ailernalively, nested reverse transcriplion-rCK was done lor IL-2 and IL-4 lo 
enhance the .sensitivity of the aniplilieaiion products (41), For this procedure, 
two consecutive I'CRs, each involving 35 cycles of aniplilieaiion. were utilized, 
i-or the first I'CK an externa! pair of primers was used, while in I lie second I'CK 
two nested primers were used which were interna! to the first primer pair. The 
larger fragment produced hy the first reaction was used as the template lor the 
.sectmd I'CK. 

Mot-start VCR was performed in all cases. In this privedure, the polymerase 
was added alter denaluraiion and preheating of the sample lo S(I°C to avoid 
nonspecillc primer hybridization. 

The followinu primers were used as described hy Shankar el al, (40): external 
IL-2 sense, 5'-CATGTACAGCATGCAGCTCGCATCC-3': exleriial lL-2 anii- 
seii.se, 5'-CCACCACAGrrGCTGGCTCATCATC-3'; internal IL-2 sense. 5'- 
CAGGTGCTCCTGAGAGGGATCG-3': inlcrnat IL-2 aniiscnse. S'-GAGCCC 
'rrGGGGCTrA(JAAAAAG-3'; e.Mernal lL-4 sense, 5'-'l"f; A'lf.GGTCICAG 
CCCCCACCITGC 3'; external IL-4 antisense. 5'-CIT-| C:A{rrG'iTG'lTiAGC 
G rGGACTC-3'; itilernal IL-4 sense. 5'-AACAC;CACGGAGAACGAGCTCA 
TC-3'; internal IL-4 anlisense. 5'-AGTGAGTTCAGACCGLTGACACCr-3': 
I L-6 sense, 5'-A'rGAAGrrrCTLTCCGCAAGAGACITCCAGCCAG-3': 
!L-fi anlisense. 5'-d AGG TITGCCGAGTAGACCrCATAG rGACC-3' (the 
IL-IO primer was a uill from Ian Lipkin. University of California, Inine |unpuh- 
lished dalal); p-actin sense. 5 -ATGCCATCCTGCGTCn GGACCrCiGC-3': 
P-aclin anlisense. 5'-AGCA'nTGCGGTGCACGATGGAGGG-3'; IFN-^^ 
sense. 5'-firrACTGCCAAGGCACACrCATTGAAAGCC-3'; IFN-7 anli- 
sense, 5 -TCAGCACCG ACTCCnTrCCGCrrCCITAGGC-3'. 

Iinmunosuppressiim with CV or anti-T-tcll MAb. One day alter intracerehrul 
ni)V infection, the animals received lf>0 mg of CY per kg inlraperiloneally (32). 
Alternatively, thymeclomized rat.s were trealed with 2 mg of purified mouse 
MAb directed against rat CDX^ T cells (OX-S) or direcicd against all T cells 
(( )X-52) i day before and I day alter infection (47). After immunosuppression 
or antibody treatment, infected animals developed no .signs of IJO. 

Adoptive transfer (if the UDV-.specilic T-cell line. For adoptive-! fans fer stud- 
ies, lo activated cells of liDV-specilic r-cell line l'205 were injecied 
iniravenously alter restimulation wilh the .s|K'cilie antigen and after I day ol 
incLtbalion in IL-2-coii:aining medium al ditlereiu time poinis alter ItDV inlec- 
lion. 

CyloKixicily as.say. ^'Cr release assays were |x:rformed as |)reviously described 
(35). Urielly. persistently inlecied .syngeneic skin librt>blasls and an aslrocyiic cell 
line {FIO; kindly provided hy 1 1, Wekerle. Munich. Germany) were irealcd with 
rat IFN--^ lor 72 h to induce MHC class II expression. Target cells were labeled 
wilh 0.3 mCi ol '"Cr per 10' cells al 3rC lor I h. I'2II5 ellecior Tcells and largei 
cells were incubated at an elleclor-to-target cell ratio of 30:1 and at threefold 
dilutions of the original ctmcentraiion of ellector cells. Afler various [vritxls ol 
time (6 lo 20 h). 5li-\x.\ .samples were collected and counted in a gamma counter. 
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" Proliferation i>f P205 cells was icsied alter various restimulation cycles in the 
presence of a BDV-spccitic or irrelevant antigen. For details, sec Materials and 
Methods. The coiurol was a T-cetl line induced by a mixture of native BDV- 
specitic proteins and cultured in the presence of the s:inie antigens. ND. not 
done, 

''SI, stimulation index. 

' I lA, tntliicnz:i virus ivpc A licmaimluiinin, 

*' VVl', raccinia virus proteins. 

'' NS. mi stimulation. 



ItDV-speeilie aniihody nu-asurtnu-iit. Ill A'-.\peci(ic antibodies were detected 
by an enzymc-linkcd unmunosorbeni assay meihod as previously described (4S). 

llist(ilug.v and immuni)hist(K-beini.sln-, Animals were killed at dilierent lime 
poinis alter Hi)V inleciion. Itrain li.ssiie vras either Irozen in iso[>eniane at 
- \5ifC or fixed in hullered paraformaldehyde. All tissue .sections were stained 
with hematoxylin and eosin and with cresyl violel as described by Nissl. Enceph- 
aliiic inlillrates were scored on an arbitrary scale ol (! ti> 3 based on the number 
of inlillrates per section and the number of cell layers in each inlillraie (.scores: 
I . up to 5 small inlillrates per section: 2, more llian 5 small inlillrates per section 
or more lhan 3 inlillrates wilh multiple layers; 3, more than M) small inlillrates 
or more lhan 5 infiltrates wilh multiple layers). lmimmohisliH;hemieal analysis 
w;is carried oui on cryostat .sections loileieci the presence of lyiiiphix;yte subsets 
and macrophages, as well as MIlC aniigeii.s, IFN-7, and lunior necrosis factor. 
The loUowing MAhs (.Serolec) were used: OX-S hir CDS" T cells, W3/25 and 
( )X-3S lor CI >4* T cells, and Fl )l lor macrophages, i lie percentages of ptisilive 
cells reactive with these MAb were determined by visual counting (S, 46). 

Cyt[>tlu(ir<iinetr\-. Unstained and .stained r205 T cells were scanned on an 
F|iics Fliie laser How cyiomeier (Couller Fleclnmies. I llaleah, Fla.). During data 
acquisition, ihe T-cell populaiion was gated to exclude debris and l(H cells were 
counted pei sample. Cells were mcuhated wilh various lluorescein isolhiocya- 
nate-conjuiiated MAb S]iecilic !or leuki>evie (.lillereniiation markers: W3/13 (T 
ceils), <)X03 (It cells). \V.^/25 {Cl)4" T cells), and OX-S (CDH^ T cells) 
(Camon. Wiesbaden, Germany) and 1' 1 2520 (VI^\-4) and k73 (t./p T-cell re- 
ceplor) (Dianova). 



K INSULTS 

Indiictidii and characteri/.atinn of a BDV-.spetific 24-kl)a 
T-ci;!! line. Since the leaunbiiKini 24-kDa BDV-specific pro- 
tein (r24k(l) wa.s ii.sed to iiuiiicc '1* tells, we rctested the immu- 
nologic ichilionship l>et\veeii ihe nalural :inci recombinant 24- 
kDa proiein.s (."53). Wc.stern hloi (inimiinoblot) analy.sis and 
immiinopiecipitiition revealed the reactivity of both proteins 
with polyclonal BDV-speciHc aiiiiscra and MAb induced by 
either the native or the recombiiiani 24-kDa protein (data not 
.shown). Popliteal lymph nodes oliiained frotii rats immunized 
wilh Ihe r24kd protein were removed, and lymphocytes were 
isolated and propagated in vitio. Niimeroit.s cycles of antigen- 
specific stimulation in the presence of irradiated syngeneic 
thymocytes and cultivation in IL-2-conlaintng medium in the 
absence of virus-specific protein were carried out. To establish 
the antigen speciiicily of the T cells, pioliferation a.s.says were 
performed with native BDV-specilic antigen purified either 
from the brains of i3DV-inf'ccled rat.s by afTinily chromatogra- 
phy or with recombinant proteins (Table 1). The results re- 
vealed antigen specilicity for the r24kd protein compared with 
a T-cell line specific for the 3.S- or ."i^J-kDa BDV-specific pro- 
tein. 

Purthermore. cultured r24kd-specilic lymphocytes were an- 
alyzed for phenoiypic markers in cyiolluorometric assays. As 
shown ill Fiii- 1. ihe phenotvpe of the 24 kDa-specihc lympho- 
cytes is typical of CD4^ T cells: W3/L''>* \V3/25-^ OX-S" OX- 
33". The cell line was also found to carr>' the T-cell re- 
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rin. I. CviolKmnmriiphii; liisiouninis at 'I'-ccll line 1*205. The MAh usliI 
were W.V13 (T cclls).^ ( )X-:i3 (11 Jells). W.1/25 (Cl )4). OX-S (CDS). 1*12520 
(V[j\-4). and k73 (u/fi T-ccll receptor). Pur deinils. sue Maieri:ils Miid Meihnds. 



ccptor (MAb R73; rci'ercnce 25) and express the VLA-4 (a4 
integrin) molecule. This 24-kD:i BDV-specilic T-ceil hne is 
called P205. 

To establish Ihe cytokine profile, lU' cultured lymphocytes 
were lysed and RNA was extracted for reverse transcription- 
PCR. As shown in Fig. 2, PCR analyses revealed the presence 




riG. 2. PCR;iii:ily.sesofdiaert:nic;iokinemRNAf;()fCl)4" 24.kl):i-spccitic 
T-ccll line P2(»5. (..iinc M. molecular si7c markcrj; {^X 1 74 diucsicd with ltut\\\). 
R»r further deiuilii. .see Muieriuls and Methods. 
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TABLE 2. Efleci of adoptive transier uC the P2()5 BDV- 
.spfcitif 'l'-C(.-ll tine t>n antiviral aiilibtKly .synthesis" 





CY 
lrc:iimeni 


'IVaiister 




•.pccilic antibody titer 


Day 1(» p.i. 


I Jay )3 p.i. 


[:>ay 24 p.i. 


Control 






1:40 


1 :vSll 


> 1:5, 120 


!A 






l:tf>(l 


1 :32() 


> 1:5, 120 


2A 






1:321) 


I:l.2i50 


>1:5,I20 


jA 




+ 


1:41) 


l:St> 


ND 


Control 


+ 




<l:4() 


<l:4t> 


<l:4() 


IB 


+ 


+ 


<l:4() 


<l:4t( 


1:80 


2U 


4- 




-^1:40 


< 1 :4(( 


1:160 



" Ht)V-intccted, tinirc:ticd (t'V ) and Hl>V- Infected. CY-treatcd, immuno- 
suppressed (CV*) rats received 2.5 X Hf' (experiments lA and 2A and IB and 
2U) or 2.5 X to* (e,\perinicni 3A). I'2(I5 C154* T cells, and serum antibody tilers 
were measttrcd at diU'creni time [xiinis wiO) an en/ynic-linkcd tnimiinosurbcni 
assay, lite antibody tilers given represent the mean'; o( three animals. Tiler 
variations never exceeded tmc level. Nl), not done. 



of tiiRNAs specific for IL-6, IL-IO. and IFi\'-7, whereas no 
reaction was found with t)lii:onucleoiide primers for IL-2 and 
lL-4. 

The cytotoxic activity of the P2l)5 cell line was tested on 
syngeneic BDV-infecied librohlasts and astrocytes. Infected 
astrocyte target cells were pretreatcd with IFN-7 for 72 h to 
induce MHC class II antigen expression (59). Cytonuorometric 
analysis and intiircct inmuinolUiorescence revealed the pres- 
ence of MHC class II antigen on LiDV-infected astrocytic cells 
biu not on fibroblasts (dai;i not slK)wn) as described earlier (35, 
37). Neither Ml IC class l-positive libroblast nor MHC class 
ll-positive astrocyte target cells were lysed; in addition. P205 
cells tlid not e.veil natural killer aclivily since NK-scnsitivc 
YAC-I target cells were noi lysed (ilata not shown). 

T-helpcrVlivlly itt ItUV-speeitic Cl)4^ T-cell line P205. To 
determine whether the P205 cell line exerts helper activity in 
vivo, adoplive-lraiisfer experiments were carried out with 
BDV'tnfected rats. Aciivaieii P2i)5 cells weie :idoptively trans- 
ferred into UDV-infected. untreated rats or infected and then 
CY-treated recipients (Table 2). 

BDV-infecled, not iiiimunosuppressed recipients of 2.5 X 
10'' P2()5 T cells showed antiviial antibodies as early as 5 days 
posttransfer (p.t.). i.e.. H) days ptisiiiifection (p.i.), whereas 
infected but otherwise iinire;Ued control animals had no de- 
tectable antibodies at this lime point (T:ihle 2. experiments lA 
and 2A). At day M p.t. (day 13 p.i.). the antibody liters of rats 
having received P2()5 cells had further increased compared 
with those of infected, untreated rats, in which low antibody 
titers were delected only after tlay 12 p.i. ( fable 2, experiments 
I A to 3A). Antibody tilers directly correlated with the number 
of cells transferred: transfer of 2.5 X 10'' cells (experiments lA 
and 2A) resulted in two- to fourfold higher antibody liters than 
did transfer of 2.5 x 10^ cells (experimeiu 3A). 

liecause of the immunosuppressive elVect of CY, animals 
treated with CY I day after BDV infection did not synthesize 
delectable antiviral antibodies (Table 2. experiments IB and 
2B). After passive iransfei of P2()5 T celts, however, antibodies 
specific for BDV were detected at dav 19 p.i. (day 24 p.i.) 
(Tabic 2. experiments IB and 2i:i). Thus, rat T-cell line P205 
shows characteristics of a functional T-hclper cell line. 

Induction of iinnuino|)aiholo;;ical (li.s~e:isi' after adoptive 
transfiirofHDV-spfcific CI>4^ I'-cell line 1*205. Passive trans- 
fer of P205 T cells into noriual or CY-treated, uninfected 
recipients resulted in neither pathological brain alterations nor 
clinical signs, providing evidence that this T-cell line is not 
encephalitogenic (data not shtm-n). 
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PIG. ?. Sovcri; lymphoLcUuliir pntlircriiiKin in I'cj-cr's pLilchu.-; tlillusc prnlilcraliDii wiihiii ihi; imcslin:i! wiiW in :i If) A'-inlcctcil iinmiinusiipprcsscii ral subji:cit;il 
U) utioplivc iranslcr ill CIM* T-ccIl line I'2(15 ni iby HI alter CY irt;iiimi;m. (A) Lymphivyiic inliliriUion cxicmls Irom ilic cpilhchiii hiycr (kinima cpilhclialis) into Iht; 
muscular lavcr (tunica muscularis), which is markedly reduced tii si/e (arrow), Stainini; was dune with hematoxylin and eosin. Mauuilicalion. x50. (H) linmunohis- 
tochemical analysis ol a corresponding slide wiih MAb shiwini; thai most ol the dillusety iiilittralin;i cells outside llie uiHtiile are CtM [it*silive (arrows). TM. 

lunica muscularis: Ln. solilar>' lymph nothile. ImmunohisUKhemical staining was done hy the ABC method. Maunilicaiion. xSU. 



Tninsfcr ol" activated P205 T cells imo BDV-infecied. im- 
munosuppressed rats resulted in two difl'ercnt pattern of dis- 
ease dependent on the time of transfer relative to llie lime 
point after CY treatment. 

(i) Lale transfer. Late transfer of 10'' to lif P205 cells on 
day 10 or 15 after immunosuppression resulted in a drastic 
weight loss starling immediately after injection (Fig, 4). Ail rats 
receiving ItP or 10" P2()5 cells died within 7 to 9 days after 
transfer without developing neurological symploms. Quantita- 
tion of brain lymphocytes was not done because of the low 
encephalitis scores, irrespective of the fact that both T-cell 
suhpopulations were idenlihed immunohislochemically. In ihe 
periphery, i.e., the lungs and iniesiincs, most (>7()%) of the 
lymphocytes were CD4 * (Table 3). 

Histological examination of the brains of liDV-infcLled. im- 
munosuppresscd recipients of P2()5 T cells revealed only mod- 
erate encephalitis, which did noi correlate with their general 
bad health. Macroscopically, the entire intestine, including the 
mesenteric lymph nodes, showed signs of severe lymphoprolif- 
erative disease, i.e., many nodules in the intestinal wall and the 
regional lymph nodes. Histologically, a massive lymphocytic 
infiltration was found in the intestinal wall, in mesenteric 
lymph nodes, in Peyer's patches, and in the lungs of fiDV- 
infccted rats having received the BDV-specific T-cell line later 
than 10 days after immunosuppression (Fig. 3A). Immunohis- 
lological characterization of inliltrating cells revealed the ma- 
jority of the lymphocytes difl'itseiy infiltrating the intestinal wall 
10 be CD4 positive (Fig. 3B). Animals receiving UP cells and 
uninfected rats receiving the highest number of CD4 * T cells 



showed normal weight gain and no clinical symptoms through- 
out an observation period of 100 days (data not shown). 

(ii) Karly Iranster. l£arly transfer of V2i)5 T cells 4 days after 
immunosuppression resvilted in di.sease .symptoms comparable 
to those of infected hut otherwise untreated rats. By day 12 p.t., 
recipient rats showed motierate weight lo.ss (Fig. 4), ruffled fur, 
and hunched backs. Neurological .syiiipionis such as slight 
ata.xia were lirst deteciablc at day 14 p.l. and increased during 
the next few days, resulting in paresis and. in .some cases, 
paralysis by day IS or I^J p.l. (Table 4). One ral died on day 19 
p.l.. bill otherwise all other animals wcix killed on the same 
day because of their bad he:ihh. Macrtwcojiical and histological 
examination of lymph nodes, iniesiincs. and lungs did not 
reveal ;iny signilicaiit cellular infiliralion. In the brain, how- 
ever, .severe eiicephalilic reaciions on day 14 that increased 
unlii day 19 were nbservL-d (Fig. 5). 

Immunohisiologically. more than ,^0% of the inllammatory 
cells were CD4'* T cells and about 20% of T cells in perivas- 
cular inliltralions and about 30 lo 40% of T cells in parenchy- 
mal infiltralions were CDS positive (Fig. 5). BDV-infected, 
CY-lrealed controls which had not received T cells showed 
neither encephalilic lesimis nor disease (data not shown). 

Absence of iininun<)paihul(»;;ical {iisease after tran.sfer of tell 
line 1*205 intti aiiii-T-cell antihiKlv-ttcated recipients. Experi- 
ments similar to those tiescribed above were carried out with 
ihymeciomized rais which had been treated with MAb OX-8 
(directed against CD8 * cells) or 0X-.^2 (directed against all T 
cells). Uats Healed in this way have been shown to stay healthy 
after BDV infection (47). Adopiive transfer of as many as 5 x 



TABLE 3. Eirccl of uansfcr of I'2l)5 Cm" T-ce!l line into BDV-infcctcd rceipicnis laic alter C Y iinimnitisupprcssion" 



Encephalitis T cells prosciu in: 

^anst'cd '^"> '' '- Naofnuswith m,,, SBM hrain" Lun.s. imcstincs" ^'"'^ ('^') 

cnccphaiitis/ioial 



10' fi of 6 dcitii 7 -V6 0.4 i t).5'' CD4. CDS CD4 
1(1" fioffidead ') 4/6 * (LS*' C04. CDS COA 
MP 6 of 6 killed 2H m 0.3 - ll.-V CD4. CDS CD4 

" Recipient rats were subjected to iidoplive transfer ot the iiidicaied numbers of 1*21)5 I* cells on day Mt p.i.. i.e.. day 'J after C Y iininunosuppressi»»n. 

Ouantiiation nl" hrain lymphncytcs was not done because oi the low encephalitis scores. 
• More iliaii W/i ol tyniphiKTics were CDJ*: CDS* ceils were noi lound. 
'''Hit- tiidividua) scores vwcre (I. (I. H. 0.5. I).5. and 1.5 
•"Ric individual scores were 0, 0. 0, 0. 1.5. and \.5. 
'"Hie individual scores were 0. 0. Oo. {\.X 0.5. and (1.5. 
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FIG. 4. Cirnwih curviis t»f BlJV-iiifeclcd. CV-trciilcd rais receiving adnpiivc 
Iranslcr of 1'21I5 TlcIIs bic (Laic) iir early { Eiirly} allur immunnsiipprcssiun and 
i»f untrcalcd, B!)V-intccicd conirnl animals (BDV-aiiUrol). Day /em was ihe 
day ol eel! iraiistcr (llarly and ijite) i)r UDV inleelidn (HllV-eunlrol). t, tiealh. 



10'' CD4^ P205 T cells, which caused encephalitis and BD in 
CY-treaied rais. did not cause weight loss, clinical symptoms, 
or intlammation of the brain (Table 5). In contrast, antibody- 
treated rats receiving immune spleen cells from BDV-infected 
donors showed BD symptoms and had encephalitis. 

Histological examination revealed the presence of few in- 
Hammatory cells in the brain, as well as in the lungs and liver 
(data not shown). A slight cellular intiltration was also ob- 
served in OX-8-treated control rats (Table 5) which had not 
received CD4^ T-cell passive transfer. This phenomenon has 
been observed earlier (47) and immunohislological examina- 
tion of infiltrates revealed the presence of CD4^ T cells and 
macrophages but not that of CDS^ T cells in antibody-treated 
rats (8). 

DISCUSSION 

Adoptive transfer of a 004 *" T-cell line specific for the 
24-kDa BDV antigen into virus-infected and CY-imnumosup- 
pressed rats results in either death within a few days or BD- 
associated neurological symptoms. Transfer of the cell line into 
infected rats which had been treated with MAb directed 
against CD8^ or all T cells did not result in disease. Passive 
transfer also revealed enhanced kinetics of antiviral antibody 
synthesis. In addition to the phenotypic characterization, PGR 
analysis of the T-cell line revealed a cytokine pattern indicative 



TABLE 4. Effect of early tniiister at P2()5 C 




J. Virol. 



TABLE 5. Adoptive tnmsftr o) P2(I5 Cl>4^ T-cell line into 
aiiti-T-ccll MAt>-ircatctl. UDV-infecied recipients"" 



llitcephaltiis 

Cells Btxl>' wt 

iranslcrrcd N'<». "f rats v\itli Mean sctirc ctiangc (%) 
discasejtoial r SEM 



OX-K 


P2{)5 




tl'4 




t) 


-f->3l) 


OX-.S 


None 




1 4 


O.i 


± 0.25'* 


+ >.30 


ox-s 


linmune 


.spleen 


4/4 


2.4 


± ().:>' 


-15 


OX-52 


P2(t5 




(1/4 




(1 


+ >30 


OXo2 


Ntine 




tl/4 




(1 


-i->30 


OX-.S2 


Immune 


spleen 


4/4 


2.5 


X 0.4'' 


-18 



" Itccipicni rats were ^.ulijecied In aiinptive iraiister til 5 x 1(1" \'2U5 T cells or 
Id' spleen eclls trnin diseascti li!!)V-iii1eeied diHiors. lU'cipicms were treated 
witti MAh OX-S (direeted a.-ainst Ci:)S^ eells) or ( ),\-52 (directed against all T 
cells) on davs ~l and -I relative lu ilie day oi inlVction. The cells were 
trjnsterred on day 21 p.i. 

'''File individual scores were <l, 0. (I, and 0.5. 

' Tlie individual scores were 2.0. 2..5, 2..\ and 2.5. 

''The individual .scores were 2.0. 2.5. 2.5, and ,l.ti. 



of T-helper cells. No cyton>.\ic activity was found on MHC class 
Il-matched virus-infected and IFN-^-ireated target cells or on 
NK-scnsilive YAC-I cells. 

We have previously shown that CDS ^ T cells are an integral 
component of the immunopathological reaction in BD (re- 
viewed in reference 4.^). The rule of CD4 * T ceils in BD has 
been demonstrated earlier in experiments with a CD4"^ T-ccll 
line specific for the 38- to 3y-kDa antigen (reviewed in refer- 
ence 44). 

Since CDS"*" T cells generally have never been successfully 
established as lines or clones from rat.s, in this report we have 
reviewed the importance of CD4 * T cells in BD in view of our 
recent reports on the role of CDS * T cells. Therefore, a ho- 
mogeneous 24-kDa virus-specific CD4^ T-cell line was gener- 
ated. This noncytoioxic T-cell line and derived clones (data not 
shown) exhibit a helper cytokine profile and enhance the im- 
munoglobulin response: hence, they are liinclional helper T 
cells. The characterisiics suggest the piesence of an interme- 
diate or unusual phenotype of 'f-helper cells (17. 3 1 a, 34, 36). 

The most interesting feature of P2().i T cells is the impact on 
the cell-mediatetl immune read ion after transfer. Experiments 
presented in this communication revealed two dilferent pat- 
terns of disease, dependent on the lime of transfer after CY 
ireattnenl. When transfer of T cells was carried out at late time 
jioints after ihe initial immunosuppression, i.e., 10 to 15 days 
after CY, recipients died within 7 to 9 days without neurolog- 
ical symptoms but with a drastic loss of tiody weight of up to 
3U% within 3 days. Macroscopical and histological examination 
revealed signs of a severe lymphoproliferative disease of the 



r T-ccil line into llDV-iiilectcd rcctpicnis'" 



No. of cells 
transferred 


No. of rats with 
.syniptunis/total 


Day p.t. 


t 


iiceplialltis 


Tc 


■lis present iu: 


Body wt 
change {%) 


No. of rats with 
enceplialitis/toial 


Mean .score n; SliM 


llrain 


Lnnus, intestines 


Itr 


6/6 


14 


6/6 


1.5 ± 0.4'" 


c'D4. cm 


Nunc 


-23 


10" 


6/6 


16 


6/6 


1.75 - 0.3' 


CD4. CDS 


NniiL- 


-30 


10" 


6/6 


I^J 


6/(> 


2.0 ::z 0.4*^ 


ci::i4. CDS 


None 


-29 



" Recipient rats were suhjcctcd to adoptive transfer nf 10'' i'205 T cells on day 5 p.!., i.e., day 4 after C'V imniunostipptcvsion. and killed at various time points 
thereafter. 

''The individual scores were 1.0, 1.5. 1.5, 1.5. 1.5. and 2.0. 
• The individual scores were l.l), L5, 1.5. 2.0, 2.0. and 2.0. 
''The individual scores were 1.5. 1.5. 2.0. 2.0. 2.5, and 2.5. 
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IrcalMKnt. The presence Ci}4'^ (A) iimi CDS* (H) cells ;is LieiLCleU hy MAh inul OX-S. respcciively. is slum n. lnitiniiinhiM(K:hcn)ic;il siaining vvas dt»nc by 
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lungs, mescnieric lymph nodes, intestinal wall, and Peyer's 
patches. Since T cells in general and activated T-hclper cells in 
particular are potent producers of cytokines and since trans- 
ferred T cells, including virus-specilic lymphoc>'tes, preferen- 
tially migrate through the lungs and to the lymphoid tissue of 
the gut (4, 18, 19, 43, 55), it is likely that the observed inllam- 
nialot7 disease in peripheral organs is initiated by tliese ceils. 
Interestingly, no BDV-specific antigen was found at this time 
in the guts or lungs of recipient rats. Therefore, wc anticipate 
that transferred activated T-helper cells induce a fast and ve- 
liement but rather un.specific local immune response due to 
their cytokine synthesis and subsequent infiltration of other 
cell types into the reactive tissue. Migration of innammator)' 
cells into these areas is possible because the immune system 
has recovered, at the latest, by day lU after CY treatment, 
when the adoptive transfer occurred. Cylofluorometric analy- 
ses of mesenteric lymph nodes revealed the presence of CD4 ^ 
and CD8^ cells 10 days after CY treatment; numbers and 
staining intensities of cells were comparable to those of cells 
from untreated rats, providing evidence of rather quick recov- 
ery of the immune system from ihe suppressive ellects of CY 
(data not shown). In the brains of these rats, only slight in- 
llammatory reactions were observed which, according to our 
experience, could probably not have caused rapid deatli with- 
out neurological symptoms. Therefore, we argue thai the mas- 
sive inflammation, especially in the intestines, caused the death 
of recipieius before a BDV-speeilic immune response was gen- 
erated in the brain. 

In contrast, transfer of P205 CD4^ T cells shortly after CY 
treatment, when the immunosuppressive efiect does not allow 
sudden induction of a cellular host reaction because of the 
absence of lymphocytes, led to full-blown BD. In this case, in 
contrast to adoptive transfer late after CY immunosuppres- 
sion, transferred T cells may be redistributed and finally mi- 
grate to the brain. In this respect, it is of importance that P205 
T cells express the u4 iniegrin (VLA-4) which has been shown 
to be the crucial molecule that allows cnlvy of activated T cells 
into the brain after binding to VCAM-1 on endothelial ceils (5. 
22, 57). In rats that received a passive transfer shortly after CY 
treatment, disease started around day 14 p.t. with a moderate 
loss of body weight and gradual development of neurological 
symptoms within the next few days resulting in ataxia and 
pareses. Immunohistochemical characterization of inilamma- 
lory cells in the brains of recipients of CD4^ P205 T cells 
unanimously revealed the presence of about 20 to 30% CDS"^ 
T cells and more than 50% CD4"*^ T cells with respect to the 
total number of lymphoc>'tes. 



In sharp contrast, recipients whicii had been thymectomized 
and treated with MAb against CD8 * (OX-S) or all (OX-52) T 
cells prior to the transfer of P205 T cells did not show disease 
symptoms or notable enceplialitic reactions (S, 47). 

Recently, increasing evidence ol tlic pathogenic importance 
of CD8"^ T cells in organ diseases has been presented. A wide 
body of evidence in favor of the activity of CDS^ T cells in 
other virus infections of the brain has also been presented. In 
lymphocytic choriomeningitis virus, hei pes simplex virus, West 
Nile virus, and Theiier's virus infeciioEis in mice (24. 30, 31, 33, 
61): human immunodeliciency virus and himian T-cell leuke- 
mia virus infeciions in humans: and Visna virus infections in 
sheep, CD8 * cytotoxic T lymphocytes Ikivc been shown or are 
su.specled to be a deleterious factor in Ihe disease and/or to 
contribute to neurological disorders (16. 26, 27, 41, 49. 54, 56, 
58). 

Our own observations revealed that the presence of func- 
tional CD8 * T cells in the hrains of BDV-infccted rats was 
paralleied by development of neurological disease, upregula- 
tion of MHC cla.ss I antigen in ihc biain. and MHC class 
I-resiricted viius-specific cytotoxic activity in vitro (8. 35, 46, 
47). Perivascular infhuiiniaiions in BD encephalitis, in addition 
to macrophages, are predominanily cotnposed of CD4 *' T cells 
of which ihc majority might be aniigen-nonspccific. host-de- 
rived cells, as ii has been shown in other models (1,2, 13), since 
their presence, in the absence t)f CDS^ T cells in parenchymal 
and periva.scuhn- inlillralions. lias no pathological impact (8, 
46.47): liM'ihcrnKMe, tlcspiie the high numbers of CD4"^ T cells 
in the brain (15. 38. 46). no considerable MHC class Il-re- 
stricted killing, compared with high MHC class I-restricted 
lysis, was found in lymphocyte jireparaiions isolated from the 
brains of BDV-infecled rats (35). Finally. IFN--7, which is se- 
creted by cyioto.^icT lymphocytes (34. 50) after they encounter 
their antigen in vivo, has also been delected in the brains of 
rats with BD (40). This cytokine activates macrophages and 
induces a delayed-lype hypeisensiiivity reaction — in part from 
nonspecific host inllammaton- cells — that finally results in tis- 
sue injury. In this context, it is of interest that both Thl and 
Th2 cells have been shown to provide help to cytotoxic T 
lymphocytes and tiigger production of IFN-7 by cytotoxic T 
lymphocytes (51). .Since BDV is a noncytopathic virus that by 
it.self does not cause detectahie destruction in vitro or in vivo 
(20. 32). the cytotoxic T-cell response appears to be a major 
pathw;iy 10 release of virus-specific antigen from infected cells, 
which might lead to promotion of the immune response, in- 
eluding induction of CD4^ T cells. Our earlier and present 
observations on BD demonstrate that different types of CD4^ 
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T cells c:in bcr induced, represeiKcd by CD4 *^ T-ce!l line NMl. 
which apparently has direct paiholoyical eiTects (3S. and by 
CD4* T-cell line P205. which provides help. Therefore, these 
two different T-cell lines and their different in vivo effects upon 
adoptive transfer might reflect the broad spectrum of CD4^ T 
cells found in vivo. 

In conclusion, this work employing a T-helper cell line spe- 
cific for a major I3DV antigen provides additional evidence of 
the importance of virus-specific CDS^ T cells in BDV-induced 
encephalitis that results in brain atrophy and chronic debility. 
As demonstrated also in other virus infections, viru.s-.specliic 
004"*^ T cells apparently act as helpers and contribute to the 
immune reaction on the T- and U-ce!l level. Dependent on the 
virus studied, in vivo experiments have revealed a mandator)' 
role for T help in the induction of a cytotoxic T-cell response 
in some viral infections (3, 6. 28. 29. 60). Our findings support 
the notion that actions of CD4 and CDS subsets are ie([uired 
for antiviral delayed-type hypersensitivity responses. LID in rats 
appears to be a CD4^ T-cell-dependent immunopathological 
disease in which CDS"^ T cells and/or CDS"^ T-cell-mediated 
cytodestructive mechanisms are operative. 
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